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Another first-class job is 


_ finished— 


It is the upper casing of a 15,000 
K.V.A. steam turbine for instal- 
lation in South Africa and the 
Sodium Carbonate process has 
been used in its production. 
Kryn and Lahy (1928) Ltd. cast 
it to the British Standard Steel 
specification for Marine purposes 
(Grade B-26-35 tons mild steel). 
It is 5 tons 8 cwt. in weight. 


Treatment of lron by the Sodium 
Carbonate process before con- 
version to Tropenas steel gives a 
50°% Sulphur reduction, and en- 
ables a higher scrap percentage 
to be used in the cupola charge. 
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Use of Electric Furnaces in 
Industrial Heat-Treatment 


Part Il. 
By A. GLYNNE LOBLEY, M.Sc. 


In the article* on the above 


pre vious 


subject the 


author reviewed various types of batch 


furnaces ; in this article he discusses continuous furnaces in which the charge is mechanically handled. 


© far, various types of batch furnaces have been 

reviewed, and it is now proposed to deal with con- 

tinuous furnaces in which the charge is mechanicaliy 
handled. There are, however, two other directions in 
which batch-type furnaces are used, the one being in bright 
annealing and the other in the heat-treatment of tools in 
small furnaces. Very often these tool-room furnaces are 
provided with a special atmosphere to prevent scaling. It 
will be more convenient, however, to deal with all these 
special atmosphere furnaces together, after all open-type 
furnaces have been reviewed. 


Continuous Furnaces. 

Wherever there is a fairly constant output of material 
requiring the same heat-treatment, there is an opportunity 
for using some type of furnace in which the material is 
automatically handled. In all electric furnaces the tem- 
perature is controlled, but in the automatically-operated 
continuous furnace, the time cycle also is controlled, thus 
reducing the human factor still further, and ensuring con- 


sistent heat-treatment. Such furnaces are particularly 
suitable for installation in the ‘“ production line,” thus 
saving transport and storage of material in process. Con- 


tinuous furnaces, moreover, have a much higher load 
factor, and are of more assistance in obtaining the lowest 
rates for electrical energy. 

There are many different ways of conveying the charge, 


each having its own characteristics, so that the choice of 


type depends on the nature of the material and the kind 
of heat-treatment required. It is proposed to refer to the 
main types, pointing out the kind of work for which each 
is most suitable. 

The car-type furnace already referred to can readily be 
made into a continuous furnace by arranging for a number 
of car-supported hearths to be continuously pushed or 
conveyed through the furnace. This type of furnace is 
used in the ceramic industry for firing of colours, but has 
not many applications metallurgically. It has, however, 
been used in the annealing of forgings and similar parts. 


Rotary Annular-Hearth Furnaces. 

(ne of the earliest continuous furnaces was the rotary 
aniiular-hearth type. This type of furnace is particularly 
suitable for the heating of gear-wheels which require 
qu nching singly in special jigs or presses. (See Fig. 1.) 
Th gear-wheels are put in by hand through one door, on 
to ‘he hearth, which slowly rotates at the desired speed, 
an are removed from the other door. The heating chamber 
furnaces, like those of most other continuous 
fur aces, is divided into a number of separately-controlled 
zo ’s, usually two or three. In this way, the rapidity of 
he: ing can be controlled and made independent of the 
we cht of material being passed through the furnace at the 


ot ‘hese 


*January, 1935. 











Fig. 1.—-Rotary annular hearth furnace for heat-treating gears, 
Operator about to remove gear-wheel, 
moment. The temperature of the last zone is unaffected 


by the presence or otherwise of cold material just inserted 
into the furnace—obviously a point of great importance. 
In this furnace, as in the continuous car-type furnace, all 
propelling mechanism is away from the heat, the only 
moving part in the furnace being the refractory hearth. 


Double deck-driven roller hearth furnace for heat-treating 
gears. 


Fig. 2. 


























Fig. 3. BOO how double-deck roller hearth furnace fer heat 


treating very large gear-wheels. 


The furnace can be well insulated, and as the moving hearth 
remains in the furnace, this type can be very efficient, an 
energy consumption of | k.w.h. for 11 lb. of steel heated to 
over 800° C, being readily obtained. This figure is especially 
excellent when it is considered that ring gears constitute 
a light load 

The two doors are separated by a division, and in the 
furnace illustrated there is a safety device which prevents 
jamming if the operator should neglect to remove the 
charge at the proper time. If the charge is not removed a 
lamp lights to warn the operator, and if ignored the rotating 
mechanism is stopped. 

The same principle of the rotating hearth is also employed 
for other purposes, such as the heating of non-ferrous 
billets for extrusion or rolling. Owing to the complete 
absence of mechanism in the heated chamber, this type is 
free from the temperature limitations to which many 
types are subject 

Driven Roller-Hearth Furnaces. 

An especially interesting type, effective and _ efficient, 

but requiring probably more skill in design and manufacture 


than any other, is the driven roller-hearth furnace. — In 
this the hearth consists of a number of closely-spaced 


rollers supported and driven externally so that objects of 


suitable shape placed on the rollers are carried through the 
furnace at the required speed. The diameter of the rollers 
(which may be solid or tubular), depends on the span 
between the bearings, the weight of the charge, and the 
temperature. Care must obviously be taken to ensure 
that the stresses in the rollers, which are of nickel-chromium 
alloy, are kept within the permissible figure, or distortion 
will occur. This type was first used for heating ring 
gears previous to quenching, and for this purpose has been 
constructed in two tiers, thus enabling a high output 
to be obtained trom a small floor-space (Fig. 2). Comparing 


Pig. 4.—-Link belt convever furnace, showing discharge end with 
conveyer type quench-tank, 
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this method with the rotating annular-hearth furnace, 
may be said that the roller-hearth furnace is the mo 
suitable where the outputs are very large, since a batte: 
of furnaces may be placed side by side, feeding a numlbx 
of quenching presses, whilst the rotating-hearth furnace 
better where the output is small, as the same operator c: 
readily both charge and discharge the furnace. 

This method is also used for annealing and normalisi: 
tubes and sheets ; in the latter case the rollers have to | 
closely spaced, whilst wide spacing can be used for tubs 
but as nearly all such applications are in connection wit 
bright treatment, they will be dealt with later. 


Conveyer-Belt Furnaces. 


A very obvious method of conveying is by means of a 
metallic belt, but although simple in principle, it was one 
of the last to be applied practically owing to difficulties 
created by the high temperatures. There are now several 
designs in use, the choice depending on the process involved. 
Where the operation is annealing the belt is heated and 
cooled in each cycle, and this means wasted heat, which 
must be minimised by making the belt as light as possible. 
For these operations, then, a wire mesh belt is used, and 
since such furnaces almost invariably use a special atmos- 
phere, they will be described in that section. 

Where the pro- 
CeCSS involves 
quenching, as in 
the hardening of 
steel parts the 
belt can be re- 
turned inside the 
furnace, and only 
exposed for a 
small space at 
the charging end, 
so avoiding the 
waste of heat in 
re-heating the 
belt from cold. 
This makes it 
possible to use a 
more robust type 
of belt. A very 
successful ty pe 
used a belt built 
up of cast (nickel- 
chromium) alloy 
links which form 
a continuous sur- 
face capable of Fig. 
conveying quite 
small objects. 
The belt passes over two drums (also of nickel-chromium 
alloy), the shafts of which are supported on external bear- 
ings, the one at the charging end being provided with means 
for taking up the expansion automatically and maintaining 
a constant tension on the belt. One or both of the drums 
is driven through a variable-speed mechanism, and the 
belt is pulled over an alloy hearth on its working passage 
and on skid rails on its return. 





5.--Charging end of pusher type furnace, 
using shoes and trays. Annealing small for, ings. 


The heating elements are usually mounted in the roof 
and under the alloy hearth. Although the belt cannot be 
lubricated, several years’ life can be obtained. These 
furnaces are usually combined with a conveyer type 
quench-tank, and Fig. 4 illustrates such an installation. 
‘there is probably no type of furnace so easily handled, 
the charge being placed on the belt at one end and auto- 
matically discharged from the quench-tank at the other. 
It is used for the hardening (and tempering) of bolts, 
nuts, springs, and various steel parts, the energy con- 
sumption being of the order of 250 k.w.h. per ton. This 
type of furnace is also used for heat treatment of aluminium 
alloy pistons. 
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Pusher Type Furnaces. 

‘here are many different modifications of this type. 
Where there is a regular output of suitably-shaped work, 
such as billets (heating for hot rolling) or steel parts, such 
as gudgeon pins (for hardening), the material may be 
pushed in grooves through the furnace. There are many 
applications of this nature, the furnace being designed 
to fit the particular article to be treated. In a great many 
cases, however, the shape and nature of the material does 
not lend itself to being pushed in this manner, and then 
some sort of carrier must be used. Crankshafts, camshafts 
etc., may be carried on shoes running on grooved rails, and 
smaller objects may be conveyed in the same way in 
trays resting on the shoes. The charging end of such a 
furnace is illustrated in Fig. 5. It will be seen that the 
pushing mechanism is of a reciprocating type, operated 
by a crank, fresh shoes being inserted at the end of each 
return stroke. 

For annealing castings, forgings, etc., and for con- 
tinuous carburising, the charge may be carried on trays 
running on tracks provided with idling rollers. In many 
such furnaces also make use of the counterflow 
recuperative principle, and in this case there are two or 
more tracks operating in opposite directions. The heat 
from the outgoing charge pre-heats the ingoing charge, 
the furnace being provided with heat exchange chambers 
at each end where this recuperation takes place. In this 


cases, 


way a@ very considerable economy is effected, the energy con- 
sumption being usually about half of that where there is_no 





pushe r 


Fig. 6.—220k.w. four-row recuperative counterflow 
furnace for annealing steel forgings at the rate of | ton per hour. 


An average figure for heavy case carburising 


recuperation. 
Fig. 6 shows an 


is 12 lb. to 13 1b. (gross) per k.w.-hour. 
annealing furnace, in which there are four such tracks 
capable of treating one ton of steel forgings and castings 
per hour, and Fig. 7 illustrates a similar furnace with two 
tracks for carburising. A transfer car is seen at the end, 
and there is a storage track at the side. 

Chis type of furnace is also used for annealing brass and 
other non-ferrous metals in the form of laps, pressings, etc. 
ln one type the charging and discharging is at one end 
only, the trays being transferred from one track to the 
other at the closed (and heated) end of the furnace. 


Rotating Drum Furnaces. 


This method is often used for the treatment of small 
parts, the material being charged into the drum at one end 

| conveyed through the furnace to the other by means 
o' a helix on the inside of the drum, which is slowly rotated. 

\n elaboration of this method is that in which use is 
n ide of the recuperative principle. This furnace, which 
® s primarily designed for the annealing of small brass 
p rts such as cartridge cases, is illustrated in Fig. 8. Two 
c .centric drums are used, made of welded nickel-chromium 
p. :te, the pressings automatically passing from the loading 
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180 kw. two-row recuperative pusher-type furnace for 
carburising. 


Fig. 7. 


hopper along the helix in the inner cylinder and returning 
in the annular space between the inner and outer drums 
where the helix is of the opposite hand. Only the closed 
end is heated, the remainder being heat-insulated. Heat 
exchange takes place very completely, and the charge 
being well stirred the uniformity of treatment as well as 
the heat efficiency is exceptionally good. On continuous 
operation, the energy consumption is approximately 
45 k.w.h. per ton for brass completely annealed. The 
completeness of the heat recovery is shown by the facts 
that some 80 k.w.h. is required to raise 1 ton of brass to 
the same temperature, and that the pressings are very 
light, making heat transmission difficult, and figures of 
over 120 k.w.h. per ton would be expected with non- 
recuperative methods. 

The recuperative principle has been applied to some of 
the other methods of conveying also, more especially in 
the car and the driven-roller hearth types. 

Other Methods.—-There are other methods of conveying 
the charge which have not been used to any great extent 
in electric furnaces, so that it is not proposed to deal 
with them now. The chief of these is the walking beam. 


Continuous Wire and Strip Furnaces. 
Another type of continuous furnace which is: of very 
great interest is that in which the material is passed 
through the furnace continuously in long lengths. This 
method has attracted much attention. The advantages 
offered by it over annealing in coiled form are uniformity 
along the length and short-period annealing, enabling the 


Fig. 8. 


Recuperative rotary drum furnace for annealing small 
brass pre ssings. 

































Fig, 9,—Large installation for continuously annealing, pickling, 


washing, drying, and re-coiling wide brass strip. 


grain size to be controlled. It has been applied to many 
metals and in several different forms. 

Steel (with the exception of stainless steel), nickel, and 
many other methods in strip form have only been treated 
in this way where a special atmosphere has also been used, 
and both vertical and horizontal methods are worked. 
In annealing brass and copper, however, the horizontal 
method only has been adopted without any special atmos- 
phere. This method was first developed in Germany, and 
although widely adopted there, larger units have been 
constructed in this country. Obviously, careful control 


A NEW DESIGN OF MAGNETIC 


CLUTCH. 
N connection with the driving of a wide range of 
] equipment, including machine-tools, screw-down gear- 
ing for rolling mills, pumps, compressors, etc., where 
mechanically operated clutches cannot conveniently be 
installed, magnetic clutches are very useful. In addition, 
they have the important advantage that they can be 
remote controlled by means of a push-button or hand- 
operated switch, which can be mounted in the most con- 

venient position for the attendant. 


com FERODO 










Drivina 
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RELEASE 
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Fig, l Nectional view showir g arrangement, Fig. 


A new type of magnetic clutch has recently been intro- 
duced by the Witton-Kramer Electric Tool and Hoist 
Works of the General Electric Co., Ltd., Kingsway, London, 
W.C.2. These clutches are manufactured in standard 
sizes, ranging from 7in. to 57 in. in diameter, the safe 
output at 100 r.p.m. ranging from 0-45 to 540 h.p., and 
the power consumption from 60 to 1,500 watts. 

Magnetic clutches comprise essentially a main body, 
which is securely keyed to the driving shaft and provided 
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of temperature and speed must be exercised, but with thi 
a much better quality of work can be produced than wit 
the older methods. 

It is very usual with such furnaces to arrange for th 
strip to be pickled, washed, and dried before re-coiling 
Part of a large installation of this type is illustrated iy 
Fig. 9, the strip being de-coiled and tension controlled 
then passed through the furnace, cooled with air, pickled 
scrubbed, washed, dried with hot air (from the cooler) an 
re-coiled. Strips are joined together to form a continuou 
length and the furnace illustrated is capable of annealin; 
26-in. wide material up to 0-04 in. thick with an output 
up to 25 ewt. per hour. In some cases the strip is allowe« 
to hang in a free catenary, whilst in others it is supported 
at intervals by rollers. 

The same method is used in the case of wire, excepi 
that it is usually pulled through metal tubes. 


‘* Patenting *’ of Wire. 

Another direction in which the continuous strand method 
is used is in the “ patenting” of steel wire. Electrical 
heating has not been adopted for this purpose, partly owing 
to the energy costs usually showing no advantage, and 
partly owing to the failure of many attempts in this 
direction. A high temperature (over 1,000° C.) and a high 
rate of input is required, but with one design (and so 
far as is known, only one) these difficulties have been 
overcome. A large installation has been working very 
successfully with excellent cost figures, and the electrical 
method with its automatic control gives consistent results 


independent of the human factor with great cleanliness of 


working conditions. 


with exciting windings, friction face, and slip-rings, and an 
armature (or sliding portion), which is mounted on the 
driven shaft and provided with release springs. Fig. 1 
shows the arrangement of the various components of the 
Witton-Kramer clutch in detail. The complete clutch, 
applied to the screw-down gearing on a large rolling mill, 
is seen in Fig. 2. Magnetic clutches are, of course, only 
suitable for use on direct current supplies, and where 
alternating current only is available, some form of con- 
verting plant, such as a motor-generator or rectifier, must 
be installed. 

In the Witton-Kramer magnetic clutch, the main body 
is made of high-permeability steel, and is accurately 
machined. The coil for exciting the clutch, which is 
contained in the main body, is former wound on a central 
core, and is carefully insulated throughout ; it is liberally 





2.—-Magnetic clutch driving screw down gearing of a rolling mill. 


rated, and capable of long periods of continuous service. 
The slip-rings are shrunk on to a micanised hub, which is 
mounted on the main body of the clutch, as shown in 
Fig. 2. Lever-type brush holders are used, and are s0 
designed that the brushes are rigidly supported, ther by 
eliminating any risk of “ chatter,’ while the pressure of 
each brush on the slip-rings can be adjusted independent |y. 
In all cases, the slip-rings and brush-gear are enclosed by 4 
suitable cover. The connections from the slip-rings to he 
(Continued on page 140 
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Steel Quality as it Affects Heat- 
Treatment 


SPECIALLY CONTRIBUTED. 


To what degree does the quality of steel influence the results 
of heat-treatment ? It is generally agreed that inferior steel 
cannot be converted into steel of high quality by the process. 
Apart from the quality of the steel, however, faulty heating 
and cooling in preliminary operations increase the difficulties 
associated with the production of desirable physical properties 
by heat-treatment. In this article the author discusses the 
subject in relation to practice. 


finished article may be regarded as “ heat- 

treatment,” if the temperature attained effects 
any modification in structure or properties, but for the 
purpose of this discussion the term will be used in its 
more limited but generally understood sense— namely, 
the application of heat followed by a controlled rate of 
cooling, with the object of attaining some predetermined 
structure or mechanical properties in the piece of steel 
treated. 

In what way does the quality of the steel affect heat- 
treatment, either favourably or otherwise? Before it is 
possible to give consideration to this question, it is necessary 
to define what is to be understood by the word “ quality.” 
Quality in steel is rather an intangible term, but it may, 
perhaps, be defined as soundness and the ability regularly 
to meet exacting specified requirements as fully as these 
are capable of being met by the type of steel selected. 

Firstly, then, in steel of high quality, each property, 
in its own characteristic way, should exhibit uniformity 
throughout the whole of the material of one cast, at least 
in so far as those portions of the ingots which are selected 
for use are involved, always bearing in mind that there are 
certain limitations to the attainment of absolute uniformity 
imposed by phenomena associated with the solidification 
of liquid alloys, particularly when they contain in suspension 
finely divided non-metallue substances. Secondly, the 
steel should be capabie of developing, when correctly 
treated, those properties which will enable it to be of the 
utmost service to the user. 
To obtain these ends, 
\inimum of chemical heterogeneity, be as free as possible 


A NY heating of steel from the ingot stage to the 


the steel should exhibit the 


n 
from slag, whilst non-metallic inclusions unavoidably 


present should be small and evenly dispersed throughout 
the metal. Whilst it is at present—and probably always 
will be—impossible completely to prevent heterogeneity in 
th: ingot, it is also true that ingots and casts of killed steel 
considerably, depending on the finishing conditions, 
siz» of the cast, and of the individual ingots and the casting 
te-.perature. In this respect we meet the old protagonists— 
co-t and quality. Whilst the user wishes to have material 
of sood quality, and probably hopes for the best quality, 
it -ften happens that he is desirous of purchasing it at the 
lo est price; these two in steel, as in any other com- 
m lities, are incompatible. Economic considerations 
fa our the operation of large melting units and the use of 
I ingots; quality is better served by the carefully 
co trolled operation of smaller furnaces and the casting 
‘latively small ingots, 


a“ 


Let us consider in order the various factors which may 
have an influence on the regularity of the final heat- 
treatment. They are: Raw materials, melting and 
casting practice, subsequent mechanical work, and the 
effect of preliminary thermal history. 

So far as raw materials may influence the result, it would 
seem to be obvious that there will be greater certainty of 
obtaining a sound and regular steel by the use of scrap 
and other materials of good quality and known origin 
than can be done with an inferior base. Whilst it may be 
possible, if given a suitable furnace, and the steel-worker 
exercises the necessary skill and trouble, to produce high- 
quality steel from inferior scrap, the probability is that it 
will be neither good nor regular. 


Influence of Variations in Composition. 

The aim of the melter in producing quality steel is to 
provide degasified and deoxidised steel for the casting of 
sound ingois; his task is likely to be more thoroughly 
performed when operating small units under conditions 
where it is not the chief aim of the establishment to produce 





the maximum weekly tonnage. For any given weight of 
ingot, type of mould, and variety of steel, there appears 
to be a certain casting temperature, or range of temperature, 
which will favour the minimum of heterogeneity in the solid 
ingot ; evidently a greater number of ingots must be cast 
outside this range in a large heat than in a small one. 
Similarly, the larger the ingot the greater the danger of 
serious segregation. Variations in the chemical com- 
position between different parts of the ingot are likely to 
affect the heat-treater, mainly in so far as they are able to 
cause variations in, or influence adversely, the mechanical 
properties of the material treated. The accompanying 
illustration of a disc is a rather glaring example of what 
may happen. It represents one of a number of discs of 
0-6°% carbon steel cut from bars of about 6in. diameter, 
which were rejected for irregular hardness after normalising. 
One surface of the disc has been polished and etched, the 
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Brinell hardness number of the outer dark-etching portion 
was 235, whilst that of the inner core was only 143. 

The presence of an excessive number of small non- 
metallic inclusions is not likely to trouble the heat-treater 
so much as undue variations in chemical composition, 
unless the material is to be subjected to inspection by 
testing in a transverse direction. There is, however, a 
possibility that they may not be without influence on the 
depth of hardening. Large inclusions, whether existing 
dispersed throughout the metal or localised in the region 
corresponding to an original central cavity, although not 
usually causing so much inconvenience during heat- 
treatment as they may do in the machine-shops, or by their 
effect on the life of the finished product, may form, at times, 
the starting points for the development of hardening 
cracks during quenching. 

Influence of Initial Structure. 

Does the ingot structure have any influence on the 
subsequent heat-treatment ? Indirectly, it may be a source 
of trouble from cracking. Ingots of certain structural 


types are more prone than others to the formation of 


cracks during cooling after solidification, and again when 
reheating for forging or rolling, or during the initial stages 
of mechanical working. Such fissures may form the 
starting points for larger cracks during hardening, but 
provided that the steel is received free from any actual, 
incipient, or partly welded cracks of this nature, and that 
the relative sizes of the original ingot and finished part 
have allowed a sufficient amount of work to be put into 
the steel, it is probable that the primary crystalline arrange- 
ment has very little direct significance for the heat- 
treatment shop. These remarks apply to steels of the 
constructional varieties, and not to high-alloy tool steels, 
containing large amounts of massive carbides. Also, the 
question is considered apart from any influence which the 
primary crystalline arrangement in the ingot may have on 
chemical heterogeneity or segregation of non-metallic 
impurities 
Effect of Mechanical Working. 

The objects of forging or rolling are twofold, to fashion 
the steel into forms more adaptable for its subsequent 
use and to break up the © as-cast” structure. Broadly, 
the more work that is put into the steel, the more thoroughly 
will the original structure be broken up, but whilst it may 
he possible to mitigate the undesirable influence of certain 
characteristics of the primary structure, it is impossible 
completely to obliterate them. Mechanical working exerts 
® permanent directional influence—that is, it develops 
fibre in the steel, more or less pronounced, depending on the 
amount of work, purity of the steel, and the freedom or 
otherwise from non-metallic inclusions Whether the 
amount of fibre will be important depends on how the 


components are to be stressed in service, but certainly if 


the steel is to be tested for acceptance in a transverse 
direction, then the purer and cleaner it is the better 


Heating and Cooling Operations. 

The part played by heating and cooling during pre- 
liminary operations is best considered under two headings : 
heatings received during the working of the steel, and 
preliminary heat-treatments following the final rolling or 
forging, given with some definite object, usually with the 
idea of modifying the results produced during the final 
heat-treatment. It is extremely doubtful whether any 
degree of heating, short of incipient burning, will have any 
influence on the structure produced by final heat-treatment, 
provided that the temperature attained in this operation 


exceeds the upper critical point, and that the length of 


time at this temperature is sufficient to bring about a 
uniform distribution of the constituents in the austenite. 
For small parts, therefore, any advantage that may accrue 
to the mechanical properties is of doubtful value, and 
certainly not worth the additional cost of an extra treat- 
ment if carried out with this object alone in view. If the 
steel has been heated at some stage to a temperature which 
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has caused even incipient burning, then no amount of 
fiddling with preliminary or any other treatments will put 
matters right. 

The matter is different for large work, where the heating 
and forging may have been carried out in stages and 
different parts of the finished component exhibit vastly 
varying structures, and, what is more important, probably 
existing in a state of considerable internal stress, the 
magnitude of which may vary greatly at different places 
in the forging. The cost of an additional treatment, such as 
normalising, annealing, or softening, will be small com. 
pared to the value of the material and the work already 
put into it ; under such conditions it is sound economically 
as well as metallurgically to impose some stabilising treat- 
ment before passing on to the more drastic final treatments 

Preliminary treatment made with the object of removing 
internal stress, with a view to reducing dimensional changes 
during final heat-treatment, is often advisable and some- 
times imperative. It is, for example, not only difficult, 
but in some instances impossible, particularly when using 
material which has been subject to cold work, to produce 
finished heat-treated articles of sufficient accuracy unless 
some means is adopted of releasing the locked-up internal 


stresses. 


Importance of Regular Composition. 
Regularity of chemical composition between different 
consignments of steel is an important factor in bringing 
about consistent results during heat-treatment. Uniformity 
in chemical composition between different casts of the same 
nominal analysis is not necessarily an attribute of high- 
quality steel, using this term in the sense in which it is 


usually applied. It is, however, a matter which is of 


considerable importance during heat-treatment; that 
different sources of supply may be either good or bad in 
this respect is a point worth keeping in mind. If different 
consignments supplied to the same brand or specification 
vary anywhere over the whole of what is often a very 
considerable range of chemical composition, this fact must 
necessarily be reflected in the heat-treatment practice. 
Using a standardised heat-treatment, there will be by no 
means inappreciable variations in the mechanical pro- 
perties obtained, or if the heat-treater is constrained to 
maintain mechanical properties within narrow limits, then 
wide variations in chemical analysis will necessitate 
alterations to the temperatures used. Even if the variations 
in chemical analysis are known, it is not always easy to 
predict just what modifications should be made, so that to 
some extent the question resolves itself into one of trial 
and error, never a very economical method. Just what 
part other factors, real or imaginary, such as “ harden- 
wbility,”” grain size, “‘ abnormality,” “ body,” “timbre,” 
and so on, play in this question of irregularity in response 
to standardised treatments is another matter. 


British Steel-makers Quiet on the Subject. 

Exactly how far the quality of the steel is to be asso- 
ciated with the capacity to harden intensely or deeply, or 
the reverse, is a little difficult to assess. American steel- 
makers and metallurgists seem to have proved to their own 
satisfaction that it has a very great deal to do with this 
question, as well as other manufacturing problems equally 
important. What our steel-makers in this country think 
about it we have yet to learn, as they have been remarkably 
quiet on the subject, but it would certainly seem to be a 
matter worthy of careful investigation, and one on which 
users of large quantities of steel intended for heat-treatment 
would doubtlessly welcome some authoritative statement 
representing the concensus of opinion of leading steel- 
makers. 

To summarise, it may be said that although heat- 
treatment may make an improvement in the propertics 
of any steel, it cannot make an inferior variety into a 
first-class article, for really high-grade work it is undoubt- 
edly an economy in the long run to use a steel of good 
quality as a basis for operation. 
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The Fracture Test as Used for 
in Sweden 


Tool Steel 


By RAGNAR ARPI 
Chief Metallurgist, Uddeholms Aktiebolag. 


that the 


for tool steels provides an accurate practical method 


Investigations show fracture test 
of testing quality, and in addition to maintaining 
reqular quality, it is claimed that the method brings 
out characteristics of the steel not shown by ordinary 
chemical analysis, and facilitates the choice of 


suitable steel for different purposes. 


5-Ton high-frequency furnace at Hagfors Works, installed by Electric Furnace Co., Ltd. 


problem which has been occupying the minds of 

steel-makers and users for some considerable time, 
and a thoroughly satisfactory solution has yet to be found. 
In Europe, and probably in England particularly, the 
term “ body ” has been used, although no exact definition 
of the meaning or the cause of “ body” has been given. 
In the Swedish steelworks, which have always disposed 
of the bulk of their products on the markets placing high 
requirements on the quality of the material, quality tests 
have been the object of much investigation, the practical 
results of which have been reflected in the tool steel supplied. 
Some of these investigations are of particular interest, as 
they form a parallel with a number of recently-published 
European and American papers on the “ hardenability ” 
and “ timbre ” of tool steel. * 17. 18. 24. 26 


H° to test and judge the quality of tool steel is a 


What is High Quality, and How it should be 
Tested. 

The answer to the question, what is meant by high 
quality, should be, that high quality represents those 
properties of a steel which enable high performance tools 
to be made from it : consequently, different properties for 
tools for different purposes. How then, is the quality to be 
tested? As already pointed out by P. Goerens !° if ab- 
solutely reliable and comprehensive information as to the 
quality of a tool steel is to be obtained, practical tests 
must be made with teols manufactured from the steel 
concerned. Practical tests of this nature are, however, 
almost always tedious and difficult to control. Con- 
quently, both manufacturers and users of tool steel are 
in need of a rapid and simple method for use in parallel 
with practical tests on finished tools to give a clear and 
definite indication of the quality and suitability of the 
steel. Unfortunately, the majority of the methods so far 
gested for rapid quality testing have been found un- 
suitable in some respects, either regarding simplicity, 
cl-arness or reliability. 

‘ndoubtedly, the performance of a tool is reflected in 
!.. mechanical properties of the steel, and good results 
should therefore be expected from a method founded on 
th. mechanical testing of steel, preferably in the hardened 
ail tempered condition. Most of the tests suggested, 
h« wever, do not seem to have given sufficiently clear results, 
ai | easily become too complicated. Furthermore, different 
m chanical properties must be investigated in steel for 
d ‘erent purposes. Nevertheless, the Torsion Impact 
T st recently developed by Luerssen and Green!® is 
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deserving of attention. The effect on tool steel of the 
amount of slag inclusions is too little known for a reliable 
quality check to be based solely on this factor. * 1 In 
a number of works, a method by E. W. Ehn, based on 
case-hardening, has been used as a quality check, but it 
has hardly been established that this method is sufficiently 
reliable to indicate whether the quality is good or 
bad.5. % 12. 14, 20, 28.30 Petermination of oxygen has been 
used to advantage in a number of cases for testing casts 
of steel, but the method seems to be too complicated to be 
rapid, and too little proved in regard to reliability and 
clearness. The Swedish steel works, however, consider 
they have a practical method in the Fracture Test, which 
is based on the examination of fractures after hardening 
at different temperatures.2 1° ** The Fracture Test is 
mentioned in older literature, and for some years methods 
of this kind have been attracting more and more attention 
both in Europe and the United States. 1% 21. 22, 24, 26, 27 
Latterly, the importance of fine-grain structure has been 
studied in Sweden inter alia at Uddeholm, at the initiative 
of F. Hatlanek.2, A committee appointed by Jernkontoret 
(The Swedish Iron and Steel Institute) to study and report 
on rapid quality tests for steel, considered it desirable for 
this method to be examined more thoroughly, and since 
then it has been the object of further investigations at 
different places in the country. 

This paper is intended to give an account of the general 
principles of the method now used in Sweden, and the 
most important results which have been obtained 
accordingly. 


The Fracture Test as Used in Sweden. 


Briefiy, the method now used in Sweden at a number 
of steel works is as follows :— 

From the steel which is to be tested a bar is rolled about 
§ in. square—a size which can, as a rule, be rolled without 
difficulty or great loss of time. The bar is cold sawn, or 
sheared into pieces four inches long, which are nicked 
transversely to a depth of about } in. half-way along one 
side. Without previous normalising, these specimens are 
heated in a muffle or salt bath furnace to various tem- 
peratures, and are then quenched in salt water at room 
temperature. The temperatures are generally 1,450° F. 
(800° C.), 1,550° F. (850° C.), and 1,650° F. (900° C.), but 
are varied according to conditions. After quenching, the 
specimens are fractured without being tempered, and the 
fractures are examined under a stereomicroscope. Par- 
ticular attention is then paid to the size of the grain and 
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the hardness penetration, whilst the appearance of the 
unhardened core is of less importance 

In order to be able to compare the observations made on 
the size of the grain at different times and places, a series 


of hardened specimens has been made up, in which the 
grain varies in size, and in Sweden these form a standard 
scale for judging the grain 


* 
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Standard specimens for ¢ hecking quality of tool steel, 


Fig. 1 


If the Fracture Test, as now described, is studied in 
respect of the different demands which have been placed 
on @ practical quality test, it must be admitted that the 
method is rapid and simple. For the production of the 
specimens the usual rolls for the “* drawing passes ’” may 
be used-——i.e., rolls which at the majority of steel works 
are always in use. The preparation of the specimens is 
simple, and does not take long. Experience is required 


for judging the fracture, but with the aid of a set of 


standard specimens this does not present any great 
difficulty 
TABLE 1 
Curve, Analysis. 
Cast No, penne = 
©. Si Mn r. S. 
| 
| 
H 208 l 0-98 0-13 | O-27 0-O20 | 0-012 
H 7485 2 1-00 | O-F15 0-29 0-021 0-016 
H 7603 3 0-92 0-26 0-27 0-020 0-O12 
H 7625 H 100 | O-2] 0-25 | 0-027 0-013 
H 7664 5 0-98 0-19 0-26 0-025 0-012 


H 7678 | 6 | o-99 0-26 0-34 | 0-023 0-013 
| 


} 


A practical method for testing casts of steel should 
not, of course, be so sensitive to possible variations 
in the preparation of the specimens that the effect 
of the metallurgical factors in the manufacture of 
the steel is influenced. Tests made on steel from 
the same cast, 1- 10°; C. straight carbon steel, rolled 
at different temperatures, showed that variations 
to the extent of approximately 150° F. (80° C.) in 
the finishing temperature, only affected the fracture 
to the extent of one-half unit as per the standard 
scale. Trials made with hardened specimens of 
annealed and unannealed steel from the same cast 
indicated that the effect of the annealing was 
negligible in comparison to the influence of 
the metallurgical factors, where steel of 1-10°, 
C. or less is concerned. In the case of steel with 
higher carbon, with cementite in cell-wall structure, 
the conditions are otherwise, and reliable results are only 
obtained after the excess cementite has been spheroidised 
by annealing or other treatment 


The stipulation that the method shall indicate clearly 
differences in quality is best illustrated by means of 


ireful ntrol at Metall 


* These standard Jernkontoret scales are produced under ¢ 
ografiska Institutet ningwatar t ! 
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examples. In Table I. will be found the analysis, and 
Table II. and Fig. 3 the results of fracture tests on 
number of old acid open-hearth casts, deoxidised wit 
Ferro-Manganese. Further, Table III. shows the analysi 








TABLE II. 
| Pn = 
Curve. | Fracture Test. 
Cast. No. |} 
1418° F. |1472° F. | 1526° F. | 1580° F. | 1634° } 
(770° C.)] (800° C.)| (830° C.)| (860° C.)| (890° ¢ 
H2s08 | 1 | 6 4 3 «| (3 
H 7485 2 64 7 5 . + @ 
H 7603 3 7 6 5 4} 4 
H 7625 S| 4 6} 44 34 24 
H 7664 5 | 6) 54 4 34 3 
7678 j 4 



















TABLE III. 











| Curve. | Analysis. 
Cast. No. — 

| | Cc. Si. | Mn. P. s. 
R101 | 7 0-93 0-11 0-23 0-009 | 0-017 
R102 | 8 0-99 0-20 0-19 0-012 | 0-014 
R 103 9 0-93 0-19 0-26 0-017 0-022 
R 104 10 0-91 0-15 0-22 0-016 0-021 
R 105 ll | 0-92 0-18 0-24 0-016 0-018 
R 106 | 12 | 0-96 | 0-15 0-23 0-013 0-021 


and Table IV. and Fig. 4, the results of fracture tests on 
six consecutive casts manufactured in Uddeholm’s electric 
steel furnace, basic quality, with pig-iron and iron sponge 
as the charge, comparatively acid, white slag, no change of 
slag, deoxidation with SiAl. Finally, in Table V. will be 
found the analysis and in Table VI. and Fig. 5 the results 
of fracture tests on eight consecutive basic electric furnace 
casts, charged with own scrap, slag changed, finally carbide 
slag, and deoxidation with Si Al. 

From these tables and diagrams will be seen how the 
fracture test curves reflect the progress of the melt, and 
the different methods of deoxidation, which seems to be 
better indicated by the fracture test than by the com- 
position of the steel, as illustrated by the usual works’ 
analysis. It can clearly be seen that casts produced by a 
certain metallurgical process, in which is included the 
method of deoxidation, give curves of a definite type, 
whilst casts manufactured according to other metallurgical 
processes give very different curves. 

The tendency towards hardening cracks is obviously of 
great importance in respect of the material’s suitability 


PRET eT IY 





Fig. 2.— Standard fractures for checking purposes. 

for tool steel. These cracks depend almost entirely upon 
stresses produced in hardening, and the extent of the 
stresses is in its turn dependent upon a number of factors 
such as the shape of the specimen, hardness penetration, 
etc. However, the ability of the hardened steel to resist 
stresses is also of importance, and a statistical investigation 
of a number of fracture test-pieces has been made at 
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Uddeholm’s laboratory in the following manner. A series 
of fracture test-pieces were produced under identical 
conditions from about 100 straight carbon steel casts 
containing about 1-00% C., and hardened in the usual 
manner at two different temperatures, 1,580° F. (860° C.), 
and 1,634° F. (890°C.). Each sample was subjected to 
the fracture test—i.e., the size of the grain was determined 
according to the standard scale, and at the same time 
examined for cracks. All the test-pieces with the same 
fracture test number of merit were collected, and the 
number of these which were cracked, given as a percentage, 
was considered to be a measure of the tendency towards 
hardening cracks of that particular fracture test number. 
Fig. 6 gives the results of these calculations. The fact that 
the curve for samples hardened at 1,580° F. (860° C.) is 
higher than the curve for those hardened at 1,634° F. 
(890° C.) would at first appear rather peculiar, but the 
explanation is probably that steel which, hardened at 
1,580° F. (860° C.), gives a certain fracture number, say 4, 
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1400° 
Fig. 3.—Results of fracture tests on acid open-hearth casts, 

is on the whole inferior, and, therefore, more likely to 

crack than steel which, when hardened at 1,634° F (890° C.), 

gives the same fracture number 4. 


TABLE IV. 





Fracture Test. 





Cast. 
1472° F 


*. | 1526° F. | 1580° F. | 1634° F. 
(800° C.)| (8 


26 
30° C.)} (860 C.)) (890° C.) 
R 101 { 9 ¢ ‘ 4} 
R 102 ¢ 9 } f 4 
R 103 j 8} 44 
R 104 ¢ 9 f ; 7 
R 105 } 8} f 34 
R 106 4 8} 3 5 

















Too much attention should not, of course, be paid to the 
ibove rather summary statistics, but a certain connection 
between coarse fracture and tendency to hardening cracks 
‘an be defined. In addition, it should be general experience 
that steel with a coarse fracture has a greater tendency to 
crack than steel with a fine hardness fracture. 
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Parallel investigations of grain-size and _ hardness 
penetration on the one hand, and performance of tools 
made from the steel! on the other, have been made at 
various places, inter alia by G. V. Luerssen!? who found 
that the grain size and hardness penetration together are 


10 









































4 
| 
| 
| 
i 


! 
1400" 


Fig. 4.- 





1500° 1600° F 
Results of fracture tests from eleetric-furnace steel. 


so simple to examine and so clearly determine the perfor- 
mance of the tool, that he did not hesitate in recommending 
the fracture test and the hardness penetration test as 
suitable for testing purposes. From papers by B. F. 
Shepherd and others ** ** will be seen the importance 
which steel users attach to these methods in choosing 
steel for different purposes. In Sweden tests of this kind 
are widely applied for steel testing, both in the manu- 
facture at the works, and the check by the user. 


TABLE V. 





Curve Analysis. 


No, 





Cast. 
Mn. P. 
R 672 0-34 
R 673 0-31 
R 674 5 -88 +23 0-23 
R 675 “§ -26 0-25 
R 676 85 -27 0-24 
R 677 . -2 0-23 
R 678 ‘ “8 4 0-24 
R 679 -88 2: 0-28 


-O15 
-O12 
“O13 
“O12 
“O12 
“O15 
-O19 
-O19 




















TABLE VI. 








Curve Fracture Test. 


No. — 








1526° F. | 1634 F°. | 1742° F. 
(890° C.) | (950° C.) 

R 672 13 7 7 

R 673 14 

R 674 15 

R 675 16 

R 676 17 

R 677 18 

R 678 19 

R 679 20 
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The Course of the Crack. 

In judging the suitability of the fracture test as a testing 
method, it is of fundamental importance to define the 
factors which decide the path of the crack through the 
structure of the hardened test-piece when the fracture is 
made, The question is thus whether the crack follows the 
of martensite (‘“‘ martensite needles ’’) formed in 
the change from austenite, whether the crack follows the 
remaining traces of the austenite grain boundaries, or which 
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for instance, Epstein and Rawdon,? B. D. Enlund,’ and 
G. V. Luerssen,'? whilst others consider either that no 
connection can be proved, or that steel rich in slag has a 
tendency towards the formation of a coarse grain fracture 
when hardened, see, for instance, Rapatz and Pollack.?* 
As the elements forming the martensite structure are 
distinctly less in size than the average distance between 
the slag inclusions observed in the microscope in the 
ordinary way, it is, however, hardly probable that these 
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Further Results 


sts on electric steel 


Fig. 5 of fracture te 
way it usually proceeds. A number of microscopic examina- 
tions of cracks in hardened test-pieces have been made, 
and although absolutely reliable results have not been 
obtained, the indications are that, after hardening at low 
temperatures, cracks, and fractures caused by impact, 
prefer to follow the martensite needles independently of 
the austenite grain boundaries, whilst in the case of steel 
hardened at high temperatures-——i.e., generally of coarse 
fracture, the question is more uncertain, probably because 
the martensite needles then are of approximately the same 
size as the grains of austenite. In a number of cases, 
chiefly where high hardening temperatures are concerned 
and a special type of somewhat dull fracture is obtained, 
it is possible that the cracks have gone right through the 
grains of austenite, following neither their boundaries nor 
the martensite needles. 

Thus, the deciding factor for the fracture developing 
a fine or coarse surface seems to be the fineness or the 
of the martensite (i.e. the elements 
of the martensite structure) rather than the grain size of the 
previously existing austenite. The factors deciding the 
transformation from austenite to martensite, and the size 
of the resultant martensite needles are at present difficult 
to determine According to A. Wimmer,?® F. Jansen,'® 
H. Gries and H. Esser'' a high percentage of oxygen 
in soft material gives it a tendency towards coarse grain. 
Therefore, it does not seem to be improbable for dissolved 
oxygen to give hard steel a tendency to form coarse 
martensite in the transformation from austenite. On the 
other hand, it can also be supposed that the presence to a 
marked extent of slag inclusions—-an emulsion—causes the 
formation of fine grained martensite on account of some 
kind of germination in the transformation from austenite 
to martensite. According to a number of investigators, 


coarseness needles 


slag inclusions, as far as they can be observed and measured 
in one way or another with ordinary illumination and 
magnification run parallel with fine-grain fracture, see, 
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comparatively coarse slag inclusions can have any 
considerable direct effect upon the fracture. 
According to the available information § in 
literature, a tendency towards coarse fracture has 
generally been found in certain experimental casts, 
which, on account of the progress of the melt and 
determinations made on the total oxygen, must be 
considered as rich in oxygen. The above described 
fracture tests on casts at the Uddeholm works 
in Sweden, also indicate that fine fractures and 
comparatively small hardness penetration— even 
at high hardening temperatures—are found in 
casts which, on account of the metallurgical 
process and the appearance of the sample in 
the spoon, must be considered well deoxidised, 
and particularly casts which have been deoxidised 
thoroughly with aluminium alloys. On the other 
hand, steel, which on account of the metallurgical 
process must be considered less well deoxidised, 
gives as a rule coarse fractures with greater 
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Fig. 6. 


It should be noted that a fine fracture at high tempera- 
tures as a rule runs parallel with slight hardness penetration. 
It cannot be definitely decided whether this can depend 
upon reduced heat conductivity, or on the increased critical 
cooling speed necessary to obtain martensite, although the 
latter appears more probable. Houdremont and Muller'* 
consider that the critical cooling speed of a steel can be 
altered by the germination of the products of deoxidation. 
It is generally recognised that the usual alloys affect not 
only the grain size after hardening, but also the hardness 
penetration,’ "3 '* ® and attention must, therefore be 
given to this when comparing different steels. 
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Valuable assistance in the work just described, which 
has chiefly taken place at the Uddeholm Works, has been 
given by members of the committee of Jernkontoret, 
Professor A. Johansson, Messrs. 8. von Hofsten, G. Malm- 
berg, G. Tahlen and by Director F. Hatlanck and Messrs. 
G. Nyblad, E. Améen and G. Vinell of the Uddeholm 
Works. 

Conclusions. 

At present there is no better, sufficiently simple and 
rapid method for testing quality, and as both steelworks 
and steel users are in great need of means to test tool steel 
more accurately than can possibly be arranged by the usual 
analysis only, the fracture test can be recommended as a 
practical method, above all to facilitate the maintenance 
of regular quality. Without a doubt, this method brings out 
characteristics of the steel in addition to those shown by 
ordinary chemical analysis, and considerably facilitates 
the choice of suitable steel for different purposes. Naturally, 
the limitations of the method must be remembered, and it 
must not be used without care in making direct comparisons 
of steels containing silicon and manganese in very different 
percentages, or other alloys. 
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and a mass of cracks forms on the surface of the specimens. 
The “core” remains ductile for long periods. Rolled 
alloys deteriorate more rapidly than similar alloys in the 
cast condition, but the latter are not immune. 

A method for alloying manganese with tin is described 
in this paper. The effect of manganese on the strength of 
tin is only slight, and is practically independent of heat- 
treatment. Manganese is probably soluble in solid tin to 
only a very small degree at all temperatures. The addition 
of about 0-10 to 0-15% of manganese to tin greatly refines 
the crystal size at all temperatures up to the solidus ; the 
effect of about 0-2° is much less. With manganese con- 
tents exceeding about 0-3° a fine grain is again produced. 
lhe slight variations in tensile strength have been correlated 
to corresponding variations in crystal size. 

Bismuth greatly increases the tensile strength of tin 
from about 1-0 ton per sq. in. in the pure metal to about 
4-5 tons per sq. in., with a bismuth content of 4 or 5%. 
Heat-treatment has little effect on the strength, but alloys 
heat-treated near the eutectic temperature have low 
‘longations. An explanation of the mechanical properties 
s suggested, based on the assumption of certain approxi- 
nate values for the solid solubility ; the values deduced 
ire approximately the same as those given by Cowan, 
Hiers, and Edwards.*° Bismuth has a profound refining 

ffect on the grain-size of tin, producing much finer grain 
tructures than any other alloying element yet investigated. 
it is particularly effective in restraining grain-growth at 
levated temperatures. 
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Iron and Steel Production in India. 
Extensions at the Tata Works. 

COMPLETE reorganisation of the Jamshedpur 
A iron and steel works of the Tata Company is now 

in progress, involving a total expenditure of 554 
lakhs of rupees (£3,650,000), mainly with a view to 
improving the over-all thermal efficiency. These famous 
works started up in 1911, and have been extended from 
time to time until 30,000-35,000 people are now employed 
(including the coal and iron ore mines), and the output 
of steel is about 70 per cent. of the total requirements 
of all India. 

With regard to pig iron, the present main plant consists 
of five blast furnaces, with a normal capacity of over 
1,000,000 tons of pig iron per annum, and 200 coke-ovens 
with a yearly production of 700,000 tons of coke. 

There has now also just been put into successful opera- 
tion, being an important part of the reorganisation scheme, 
a ‘ Lodge-Cottrell ” electrostatic blast-furnace gas-cleaning 
plant operating on the latest two-stage principle. This 
is cleaning blast-furnace gas down to a guaranteed very 
high standard of not over 0-0088 grains of dust per cubic 
foot in spite of the unusually dirty character of the gas 
(averaging 16 grains per cubic foot). As a result, the gas 
can be used for operating the coke-ovens, releasing all the 
rich coke-oven gas for metallurgical furnace plant, either 
alone or blended with part of the rich coke-oven gas. 

The duty of this cleaning plant is 14,000,000-14,500,000 
cubic feet of gas per hour (at normal temperature and 
pressure) from three blast-furnaces. About 98°, of the 
total dust is taken out in the dry state in the first stage, 
after partly cooling to 165° F., following which the gas 
is then cooled in the second stage to 80°-100° F., and the 
remaining 2°, of dust removed, along with suspended 
water particles. 

The plant consists of four water spray pre-coolers, 65 ft. 
high and 16 ft. 6in. diameter, eight first-stage electro- 
static filters, 50 ft. long, 15 ft. wide, and 28 ft. high, with 
six banks of earthed collector plates, eight secondary 
coolers, 65 ft. high and 14 ft. diameter, of the water-spray, 
slat-baffle type, and eight second-stage electrostatic filters, 
along with all the necessary accessory equipment. It will 
be remembered, the collector plates have discharge elec- 
trodes between in the form of wires operating with high- 
tension current at 40,000—100,000 volts D.C., stepped up 
by special transformers, which electrifies the dust particles 
and repels them to the collector plates. 

This two-stage principle represents a great advance in 
the utilisation of blast-furnace operation, and Lodge- 
Cottrell, Ltd. have just completed a similar plant of 
5,500,000 cub. ft. per hour capacity at the Corby steel- 
works, and have now received an order for a further unit 
to bring up the total capacity to 8,000,000 cub. ft. In 
addition, they have also completed a two-stage plant of 
4,500,000 cub. ft. per hour for the South African Iron and 
Steel Industrial Corporation, Pretoria. 

Further, with regard to the Tata Works, the steel 
plant now includes an open-hearth steel-making plant 
with a yearly capacity of 250,000 tons of ingots, and a 
duplex plant of 600,000 tons of ingots. In addition, there 
is a blooming mill able to deal with the full output of ingots, 
continuous rolling mills for billets and bars, a combined 
rail and section mill of 300,000 tons per annum capacity 
for heavy rails and sections, a plate mill of 50,000 tons 
per annum capacity, sheet mills, and much other equip- 
ment, as well as an extensive power station and foundries 
and machine shops. In addition to the Tata works, there 
is also at Jamshedpur, a town with 80,000 inhabitants, 
on a site about 150 miles from Calcutta, that was jungle 
in 1910, a number of other important engineering establish- 
ments. These include the 'Tinplate Company of India, 
the Tatanager Foundry, and the works of the East Indian 

Railway. 












128 


Reviews of Current Literature. 


Industrial Furnaces 


In metal-working, the process of heating is only one item 
of cost, but the effect of that item is felt in other items of 
production and cost. Material which is not uniformly 
heated, or which is burned, or oxidised, either wholly or in 
spots, causes losses due to rejection after much work has 
been put on the material. In the process of heating, with 
the object of high quality and low overall cost in view, 
furnace design, burner design, selection of source of heat 
energy, and heating methods are important factors, all of 
which must be considered as contributing to the final 
result. This volume deals more particularly with the 
problems of furnace design; burner design, the selection 
of the source of heat energy, and the best type of furnace 
for a given purpose, and a study of heating and handling 
methods form the subject matter of a second volume. 
This is the third edition of the volume, and since the last 
edition was published twelve years ago, it represents a 
thorough revision. Comparison of the present volume with 
the former editions shows that data are now 
available on points for which the author was then forced 
to rely on his own experience. In consequence, this 
volume is consistent with modern practice, in that it 
contains information on developments which have been 
effected during recent The author discusses the 
design of furnaces under four main headings : Capacity of 
furnaces ; economy and thermal efficiency of furnaces ; 
strength and durability of furnaces: and movement of 
gases in furnaces. The author’s aim in dealing with the 
capacity of furnaces is to assist in determining how many 
furnaces are required to heat a certain amount of material 
ina given time, and with a given uniformity of temperature. 
The size of the furnace for a given purpose is also discussed. 
The rising costs of fuel and power emphasise the necessity 
for fuel economy, and economy in electrical energy, as far 
as such economy is compatible with proper heating. This 
is one of the factors discussed under economy and thermal 
efficiency of furnaces, in which heat losses from furnaces 
due to various causes and the quantity of fuel needed for 
‘jn-and-out ” furnaces 
investigated. 


research 
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heating unit weight of material in 
operating under different conditions are 
Maintenance of furnaces is a substantial item of expense, 
and a chapter is confined to a consideration of the pro- 
perties of the materials which enter into furnace con- 
struction. The strength of different heating elements is 
also given, while the author shows how furnaces should be 
designed, built, and operated to give maximum service. 
In recent years, the building and operation of industrial 
furnaces have become less of an art and more of a science, 
and this volume provides a fund of information to the 
manufacturer and to the user of furnaces, and is a very 
valuable addition to the practical text-books on the 
subject. The book is profusely illustrated and well written, 
and has a very complete index. 
By W. Trinks. Published by Messrs. Chapman and Hall, 
Ltd., Henrietta Street, Covent Garden, London, W.C. 2. 
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Die Castings 


Mvucu progress has been accomplished in the various 


Price 37s 


processes of die-casting, part‘cularly in the direction of 


increased production at low cost, while many otherwise 
prohibitive propositions have been brought within the 
range of commercial possibility, both in regard to design 
and suitable alloys, during recent years 
this progress is readily appreciated after reading this 
useful book on die-casting. It is noteworthy that the 
limitations of the die-castings of to-day are not nearly so 
pronounced as they were a few vears ago, and much pro- 
gress has been made towards the consistently homo- 


geneous die-casting. In this book, however, the author 


has concerned himself primarily with the products of die- 
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casting processes, their composition, uses, and design, 
rather than methods followed in their production. 

It is appreciated that few manufacturers, apart from 
those who specialise in die-castings, have facilities for the 
production of such castings, whereas the number who do 
or can use this type of casting is very large and constantly 
This book, therefore, is concerned more par- 
to users. The author 
profitably applied as 


growing. 
ticularly with information of value 
describes how die-castings can be 
components of various products; what alloys are used 
in their construction, and why; how the die-castings 
should be designed ; how to specify and test them, and 
finally, how they can be finished. Since many manu- 
facturers prefer to finish, themselves, the castings they 
purchase, the methods of finishing are described. 

Even those who are familiar with many applications of 
die-castings will be surprised at the wide uses of these 
products which are illustrated and described by the author. 
Typical and specialised applications to which reference 
is made include: Motor-vehicles, household appliances, 
office and store or sales-room appliances, machine parts, 
electrical parts and appliances, instruments and recording 
devices, hardware appliances and hand-tools, liquid and 
gas-handling equipment, toys and sporting goods, orna- 
mental, novelty, and jewellery trade applications. The 
excellent illustrations of a large number of die-castings 
will be a revelation to many, and show the remarkable 
progress made in recent years, 

The selection of a suitable alloy for a particular die- 
casting has always been a difficulty. Many factors must 
be considered before a choice can be made, but in this 
book various alloys are discussed, from the zine alloys to 
more recently developed magnesium alloys, including lead 
alloys, tin, aluminium, and copper alloys. Undoubtedly, 
the most widely used alloys are those having a zinc base ; 
their low relative cost and high physical properties have 
much in their favour, while they permit the use of in- 
expensive die material. But, as the author points out, 
many alloys have special advantages. 

Considerable attention is given to the design of die- 
castings, the main object being to simplify the work of the 
die-caster as much as possible without interfering with the 
purpose for which the casting is required. Consulting an 
experienced die-caster is worth while, and since success 
often depends upon the die design, it should be left to 
experienced specialists. This book is well written, and 
well produced ; the subject is discussed in an interesting 
and informative manner, and should be very helpful to 
production engineers and designers, and all interested in 
metal products who desire the latest information on this 
comparatively young art. 

By Herpert Case, M.E. Published by Chapman and 

Hall, Ltd., 11, Henrietta Street, Covent Garden, 
London, W.C. 2. Price 17s. 6d. net, 


Journal of the Institute of Metals 
Volume LV. (Proceedings). Pp. 304 (XVII Plates) 


THE latest volume issued by the Institute of Metals is 
essentially a record of the papers presented at the Man- 
chester autumn meeting, and of the discussions on these 
papers. A special contribution is the autumn lecture which 
deals with “The Work of Walter Rosenhain,” a dis- 
tinguished past-president of the Institute, who died in 
1934. A complete record of his published work forms a 
valuable appendix to the lecture; the list covers five 
closely printed pages. A great part of the present volume 
consists of a very practical series of communications, and a 
general discussion, on the improvement of white bearing 
metals—a subject of much interest to engineers at the 
present time. 

Edited by G. SHaw Scorr, M.Se., F.C.1.S. London : 
The Institute of Metals, 36, Victoria Street, West- 
minster, S.W.1. (Price £1 Ils. 6d., plus 6d. postage 
inland ; 9d. postage overseas), 
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Some Factors Governing the Heat- 
Treatment of Aluminium Alloys 


By J. TOWNS ROBINSON 


Chief Metallurgist, High Duty 
Alloys, Ltd. 


In this article the author emphasises 
briefly the various fundamental factors 
governing the successful application 
of thermic treatment to aluminium 
alloys. The subject is much too com- 
prehensive to deal with more fully 
here, but it is hoped that the inform- 
ation given will help to make the subject 
more clearly understood and its ad- 
vantages appreciated. 


Automobile 


HE heat-treatment of non-ferrous alloys has received 
| some considerable time and study in the last few 
years, and the effect of thermic treatment on 
aluminium alloys has undoubtedly been of great commercial 
importance, particularly applied to the present era of high 
strength, combined with lightness and weight-saving pro- 
pensities. Much has been written on the subject by a 
number of well-known authors, and appreciation is due to 
the pioneer work of the National Physical Laboratory and 
the late Dr. Rosenhain. A recent publication by Dr. 
Budgen has proved a very valuable and comprehensive 
contribution, and deals extensively with both the theoretical 
and practical aspect. Mr. W. C. Devereux, managing 
director of High Duty Alloys, Ltd., has also read and 
published much valuable information in an endeavour to 
bring the advantages of heat-treatment of aluminium 
alloys to the attention and assistance of both the designer 
and the engineer. 

The study and practical application of heat-treatment to 
aluminium alloys has, more than any other factor, rendered 
possible the present high efficiency and utility of aircraft 
engines, and, in no small degree, general transport vehicles. 
These no doubt are the principal applications, but it must 
not be forgotten that numerous other new industrial fields 
have been opened. Despite the attention this subject has 
received, however, its uses and, more particularly, its 
mis-uses are not clearly understood. The object of this 
article, therefore is to emphasise briefly the various funda- 
mental factors governing the successful application of 
thermic treatment to aluminium alloys. 


Fundamental Differences from Treatment of 
Ferrous Alloys. 

Aluminium alloys, whether as sand-castings, chill 
castings, or wrought form are inherently weak and of low 
strength, therefore they can only be utilised for highly 
stressed parts after they have been subjected to some 
form of thermal treatment, upon which they depend for 
their full physical properties. This treatment is some- 
what analogous to that of the ferrous alloys, but it is very 
important to note that there are certain fundamental 
differences. 

In the first place, they are subjected to a high temperature 
or solution treatment, which, broadly speaking, means 
that the various elements present in the alloy or hardening 
constituents are taken into solid solution and retained or 
fixed in that condition by quenching or rapid cooling. 





cylinder head sand-casting in Hiduminium RR5O, 


After quenching, aluminium alloys are relatively soft, in 
contra-distinction to steel, and unstable, there being a 
natural tendency for the solid solution to break up or 
precipitate its constituents. This phenomena takes places 
slowly at ordinary temperatures, and more rapidly if the 
temperature is slightly raised. The hardening and ultimate 
physical properties of the alloys depend principally upon 
this characteristic, which, under normal conditions, is 
termed natural ageing, and, on the other hand, if the 
quenched alloys are subjected to a low-temperature 
treatment of from, say, 100° to 200° C., then this is termed 
“ artificial ageing ’’ or precipitation treatment. 

The necessary plant and equipment for the heat-treatment 
of aluminium alloys needs very careful thought and 
attention, principally because of the fact that the tempera- 
tures employed are much lower than for steel, and it is no 
easy matter at these lower temperatures to ensure absolute 
uniformity and accurate control. 


Importance of Temperature Control. 
It is no exaggeration to say that lack of accurate 
temperature control has been responsible for mere failures, 
and probable mistrust in aluminium alloys than any other 


Radial aero engine sand-cast cylinder head in Hiduminium RR53. 
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factor, providing, of course, the quality of the material 
has been beyond question. 

On the bare facts of these statements, it may be thought 
that this is a serious disadvantage, and calls for alarm 
and misgivings, but this is not so if the controlling factors 
are only realised in their true sense of proportion. 

There is not the same latitude or temperature tolerance 
in the thermic treatment of aluminium alloys as in the 
ferrous alloys. This point is easily appreciated if only it 
would be understood that the high temperature or solution 
treatment takes place at a temperature of only 20° C. 
below the fusion point of the eutectic alloy or constituent. 
To attain the maximum properties, it is highly desirable 
to work to the maximum permissible temperature limit, 
be guarded against, and 

but only by 


or so 


and therefore overheating must 
it can be with absolute safety 
accurate temperature control. 

The high temperature or solution treatment is preferably 
done in an electric furnace, or molten salt-bath, and the 
low temperature or precipitation treatment in an electric 
furnace or The usual type of gas-fired 
muffle furnace as usually employed for steel hardening 
is not accurate or efficient enough for the lower tempera- 
tures employed on aluminium alloys. The electric furnace 
is certainly very clean, and the most modern types employ- 
ing forced air circulation are comparatively accurate, but 
in the writer's experience the furnace manufacturers have 
been inclined to somewhat impair the efficiency of their 
furnaces by lack of attention to minor mechanical details, 
such as cutting off switches, etce., which in a great many 
instances have produced disastrous results. It is advisable 
where electric furnaces are used to instal an independent 
pyrometer unit as a safeguard, and check on the automatic 
regulator of the furnace 

The molten salt-bath is no doubt a much dirtier method, 
and may at the present time seem somewhat out of date, 
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gas-fired oven. 
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Hiduminium RR53 chill-cast Hiduminium 


but it cannot be bettered for efficiency and accurate con- 
trol. It can be simple in construction, and if oil-fired, 
economic in use, and has a low initial cost as compared 
with the electric furnace. A mixture of 50/50 sodium and 
potassium nitrates is an ideal salt, with a melting point of 
250° C. to 280° C. The writer has had personal experience 
with this type of molten salt-bath for the past 12 years, 
and can vouch for the accuracy and efficiency, and, in fact, 
this type of bath is still largely used for heat-treatment. 
If a gas-fire furnace is used for the low temperature or 
precipitation treatment, it should be of the forced or 
circulated air type, fitted with thermostatic control and 
recording pyrometers. 


Quality Material Essential. 

It is not sufficiently recognised or appreciated that the 
quality of the material in aluminium alloys is of paramount 
importance, as, unless this quality is of a high standard, 
it is impossible to consistently guarantee the desired results. 
In fact, quality is the basic requirement, and a golden axium 
is quality first, then temperature control. 

The quality of the material can be divided under two 
headings— first and basically, chemical composition, and 
secondly, soundness and homogenity after casting. It is 
no exaggeration to say that quality or chemical purity 
was fundamentally responsible for the commercial develop- 
ment of the well-known *“ Y” alloy, and this is further 
exemplified in the achievements of the more recent 
‘ Hiduminium ” series of alloys. Those responsible for the 
fabrication of these alloys have long recognised that 
quality comes first, and the wisdom of this is reflected in 
the success attained by these alloys. 

In the manufacture of these alloys, it is highly desirable 
to work to find chemical tolerances and carefully study and 
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understand the effects of the various elements or con- 
stituents in their respective relation to heat-treatment 
and the resultant physical properties. 

It is not within the scope of this article to go into minute 
details relative to the theoretical effects and technicalities 
of the various elements, but to briefly touch upon their 
more general characteristics. It is proposed, therefore, to 
deal first with “ Y ” alloy and Duralumin, and later the 
* Hiduminium ” alloys. * Y ” alloy differs from Duralumin 
in its elements or constituents, and hence this difference 
greatly effects its thermal characteristics. The typical 
Duralumin composition is: Copper, 3-5 to 4-5%; 
magnesium, 0-40 to 0-70% ; manganese, 0-40 to 0-70% ; 
silicon, 0-40% ; iron, 0-40%. 


Hardening Phenomena. 

The hardening phenomena of aluminium alloys is still 
more or less in the nature of a theoretical aspect, and differs 
greatly between the respective schools of investigators. 
Much valuable work has been done by Mercia, Hanson, 
and Gaylor, Guillet and Konno on their respective theories. 
Briefly, Mercia’s theory is based upon the solubility of 
copper in aluminium, with the formation of the compound 
Cu Al,, and the solubility of this compound at temperatures 
in the region of 500° C., followed by the precipitation of the 
Cu Al, in the form of very fine particles of colloidal dis« 
persion upon ageing. On the other hand, Hanson and 
Gaylor submit that hardening is largely due to the effect 
of the magnesium and silicon, with the formation of the 
intermetallic compound Mg 2 Si. 

Duralumin.— In Duralumin, however, the hardening is 
most probably due to a combination of the intermetallic 
compounds Cu Al,, and Mg 2 Si, and the difference in the 
solubility of these compounds at normal temperatures. 
The presence of manganese does not appear to exert any 
appreciable influence upon the hardening of Duralumin, 
but, on the other hand, it appears to possess the important 
property of preserving elongated grain flow after working, 
and particularly extrusion in comparison against the equi- 
axed structure in the absence of manganese. 

The effect of iron upon the hardening of Duralumin is 
very slight, and it is preferable to keep this element as low 
as possible, otherwise interference may take place in the 
natural ageing process. It will be, therefore, appreciated 
that in Duralumin it is very important to carefully control 
copper, magnesium, and silicon constituents to balance 
the formation of their respective compounds. 

“ Y” Alloy.—The speci- 
fied composition of * Y ” 
alloy is: Copper, 3-50 to 
4-50% nickel, 1-80 to 
2-30°, ; magnesium, 1-20 
to 1-70°%: with iron and 
silicon allowed up to 0-50°% 
each. It is recognised that 
the ideal composition is : 
Copper, 4%; nickel, 2% ; 
magnesium, 1-50%, and 
this composition can be 
worked to within very fine 
limits in manufacture. It 


will be seen from the com- RRb9. 
position of *‘ Y ” alloy that 

the hardening constituents consist of copper, nickel, 
magnesium, and aluminium, and in their respective 
combinations have a somewhat complex constitution. 
According to Archbutt and Budgen, the hardening 


constituent Cu Al, does not exist in ‘Y” alloy, since 
the copper becomes associated with the nickel to form a 
tenary intermetallic compound containing both Cu Al, 
and Ni Al,, known as * T ” constituent. The magnesium- 
silicon compound Mg, Si present in Duralumin also exists 
in “ Y” alloy, and appears to play an important part 
in age-hardening. In the writer's experience, it has been 
found preferable to keep the iron and silicon constituents 


METALLURGIA 





Aero engine piston stampings in Hiduminium 









Radial aero engine crankcase stamping in Hiduminium RR56. 


in “ Y ” alloy as low as possible, in the region of 0+30% 
of each element, to obtain the best results, and there is no 
doubt that this purity does greatly effect the quality of the 
material. The superior mechanical properties of ‘“‘ Y ” 
alloy at high temperatures are no doubt due to its difference 
in internal constitution in which the absence of the com- 
pound Cu Al,, which forms a eutectic with aluminium of 
relatively low melting point of 546°C., may play an 
important part. 

Hiduminium Alloys.— The more recent “ Hiduminium ” 
R R series of alloys covers a very wide field of applications, 
and the approximate average composition is: Copper, 
2-00 to 2-50%; nickel, 1-00 to 1-50%: magnesium, 
0-70 to 1-70% ; iron, 0-80 to 1-50% ; silicon up to 1% ; 
titanium, 0-10 to 0-20°%. For the wrought and high-tensile 
casting alloys and copper, 1-20%; nickel, 1-20% ; 
magnesium, 0-14°% ; iron, 1% ; silicon, 2-20% ; titanium, 
0-20%. For the R R 50 sand-casting or low-temperature 
treatment alloy, as in ‘“ Y” alloy, the hardening con- 
stituents consist of copper, nickel, magnesium, aluminium, 
but with the very important difference that the iron and 
silicon are present in definite percentages, and purposely 
added for their thermal and physical effects. 
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The various elements or hardening constituents of the 
RR alloys are very carefully controlled and balanced to 
form the respective alloys for their particular sphere or 
use, and the world-wide application of these alloys is 
undoubtedly due in no small measure to the careful study 
of these factors. It is interesting to note that, as compared 
with Duralumin and “ Y ” alloys, the copper content of 
the RR alloys has been reduced by almost half, and its 
effects counterbalanced by the addition of fairly large 
amounts of iron and silicon The thermic properties 
governing the heat-treatment or hardening properties of 
the RR allovs are somewhat similar to those of ° Y ” 
alloy, inasmuch as the principal compounds are Mg, Si, 
Ni Al,, and some of the “*T” constituent, which is an 
gluminium, copper, nickel complex, but the important 
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are those of grain refinement and the prevention of oxida- 
tion during the melting process. The effect of titanium 
as a grain refiner is a most important function, and is 
exemplified in the characteristic fine grain structure of the 
R R alloys, as compared with the typical large elongated 
structure of the Duralumin alloys, and to a lesser degree 
those of “ Y ” alloy. 

A unique feature of the R R alloys is the R R50 sand 
and die-casting alloy, which, owing to its constitution, is 
susceptible, and attains exceedingly good physical pro- 
perties after a low-temperature treatment of 165° to 175° C., 
only. It will be recognised that this is a highly desirable 
feature, as it obviates the necessity of submitting intricate 
sand castings to a high-temperature or solution treatment, 
with its attendant dangers of distortion and cracking. 





Diesel Engine Cylinder Head in Hiduminium RRS: 


difference exists in the effect exerted by the presence of the 
iron and silicon constituents 

After quenching from the high-temperature or solution 
treatment, both Duralumin and © Y ” alloy depend entirely 
for their resultant physical properties to the phenomena 
of natural ageing, or, in other words, the precipitation from 
the solid solutions formed by the intermetallic compounds 
Cu Al, and Mg, Si, either independently or in collective 
relation to each other. As in parallel with both Duralumin 
and “ Y " alloy, particulerly the latter, due to the some- 
what similar controlling hardening constituents, the 
‘Hiduminium ” RR alloys are, after quenching from the 
solution treatment, comparatively soft and ductile, but 
fundamentally differ owing, as already stated, to thei 
chemical constitution, and do not naturally age-harden. 
Broadly speaking, their chemical constitution is so balanced 
that, after quenching, the hardening constituents are in a 
more or less stable condition at normal temperatures, and 
final hardening and physical properties can only be obtained 
after these alloys have been subjected to a low-temperature 
or precipitation treatment. This phenomena is a very 
important property of these alloys, and its undoubted 
advantages are chietly applicable to sheets and extruded 
sections where straightening or other manipulative forming 
can take place in the soft and most easily worked condition, 
with no fear of hardening until submitted to the low 
temperature treatment 

The stability in the quenched condition of the RR 
alloys is undoubtedly due to the influence of the iron 
content, and in combination with the silicon and the 
formation of complex compounds which inhibit natural 
ageing. Even eat the present time, research is taking place 
on the effects and functions of these complex compounds 
or constituents 


Grain Refinement. 


A very important constituent of the R R alloys is the 
titanium content, although it has very little effect or 
relation to the thermic treatment. Its chief characteristics 


Summary. 

The factors governing the high-temperature or solution 
treatment, and the dangers of overheating, have been 
briefly dealt with earlier in this article, therefore it is only 
necessary to further stress the more important points. 
From the remarks on the quality of the material or chemical 
composition, it will be readily understood that when the 
nature of the complex reactions of the hardening con- 
stituents are taken into account, the chemical tolerance 
has an important bearing and controlling influence on the 
temperatures employed in the heat-treatment of aluminium 
alloys. 

Apart from this, a close control of the soaking time 
and quenching temperatures is absolutely essential. The 
quenching temperature must be above that necessary to 
cause complete solution in the solid state of the eutectic 
constituents, a lower temperature only results in partial 
solution and full hardening does not take place. 

There is no question that the correct quenching tempera- 
ture can be accurately worked to without the slightest fear 
of overheating, if only a little thought and attention be 
given to the necessary and obvious details. It must be 
understood that in aluminium alloys, once the maximum 
solution temperature has been exceeded to an extent which 
causes fusion of the eutectic material, either during the 
soaking period, or at actual quenching temperature, then 
permanent damage is done which cannot be repaired. 


David Brown and Sons, Ltd., Park Works, Lockwood, 
Huddersfield, have recently produced an excellent booklet 
dealing with automobile gears and gear units, and, although 
it is concerned primarily with a resumé of the field of applica- 
tion of ** David Brown” gears and gear units in this industry, 
it is so well prepared and produced that many readers will 
find it most interesting. The works of this firm embrace steel, 
iron and bronze foundries, making every kind of gear under 
active engineering and metallurgical control. This booklet 
surveys only one field of activity, but detailed information 
on the application of gears in other fields is available to 
readers on application. 
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Institute of Metals 


Twenty-seventh Annual General Meeting 


HE twenty-seventh annual general meeting of the 
Institute of Metals, recently held in London, at which 
Dr. H. Moore, C.B.E., the President, occupied the 


chair. 
the Institute has been fully maintained during the past 


year, despite a slight decrease in membership. Preceding 
this meeting, a joint meeting of societies, organised by the 
Institution of Automobile Engineers, was held in the Hall 


of the Royal Geographical Society, at which the subject of 


cold-pressing and drawing was discussed. The rapidly 
extending employment in many industries of cold-pressing 
and stamping operations in the production from sheet 
metal of a great variety of components, embracing both 
simple and very complex shapes, renders cold-pressing an 
extremely suitable subject at the present time for discussion. 
The particular interests of the many industries concerned 
naturally vary widely, both as regards type of production 
and the materials employed, but there should exist many 
basic problems common to all. Reviewing the subject 
broadly, it appears probable that these problems could be 
conveniently discussed under the following general head- 
ings: (1) Problems associated with manufacture of sheet 
metal; (2) metallurgical problems; (3) devisement of 
suitable mechanical tests ; (4) die design ; and (5) general 
mechanics of plastic flow of metals. 

Contributions to the subject presented by Dr. C. H. 
Deach, Dr. H. J. Gough, Dr. G. A. Hankins, and 
Professor G. Sachs, opened up very interesting discussions 
on metallurgical problems, devisement of suitable 
mechanical tests, and general mechanics of plastic flow 
of metals, respectively, while valuable information regard- 
ing other sections should be forthcoming from those 
engaged in these difficult and exceedingly interesting 
aspects of the general subject of cold-pressing. 

At the Institute’s meeting twelve papers were presented 
for discussion during the technical sessions : these repre- 
sented the results of investigations in many fields, a 
synopsis of which is only possible here. 


CORROSION-FATIGUE PROPERTIES 
OF DURALUMIN WITH AND WITHOUT 
PROTECTIVE COATINGS. 


This report, by I. J. Gerard, M.Sc., and H. Sutton, 
M.Se., show that rotating cantilever endurance tests on 
Duralumin 3 LI (copper 4-1-4-4%, manganese 0-64%, 
magnesium 0-62—0-67°%, iron 0-84—0-81°%, silicon 0-22°) 
have been made in air and in a salt-spray after protecting 
the surface in various ways. In air the untreated material 
gave a fatigue limit of stress of + 9-1 tons per sq. in. at 
10? cycles, and the anodised material + 11-1 tons per sq. in.? 
In a salt-spray lanolin-coating and cadmium-plating 
afforded little protection, but zinc-plating gave a substantial 
improvement in the corrosion-fatigue range. Spraying 
with aluminium was not so good as zinc-plating at long 
endurance. Coatings of organic resins and enamels afforded 
a very high degree of protection, especially when the metal 
had previously been anodised; the best results were 
obtained with a coating of synthetic resin varnish and 
stoving for 2 hours at 150° C., metal so treated giving a 
fa’ igue limit stress of + 12-2 tons per sq. in. at 107 cycles. 


XPERIMENTS ON ATMOSPHERIC ACTION 
IN FATIGUE. 

his paper by Dr. H. G. Gough describes experiments 

ca ried out to investigate further the effect of atmospheric 

en ironment on the fatigue-resistance of metals. Previous 

exveriments had shown that the substitution of a partial 


The report of the Council shows that the work of 





vacuum for the atmosphere led in some metals to a con- 
siderable improvement in the values of the fatigue limit 
determined, using cycles of reversed direct stress. Three 
suggestions are offered as to the cause of this improve- 
ment—namely, (1) that oxygen is the primary factor, the 
presence of water as a catalytic agent also being necessary ; 
(2) that atmospheric impurities, acid and alkaline, are 
responsible ; and (3) that impurities, mainly gaseous, 
dissolved in the metal under test, react with the metal 
during fatigue. 

To examine possibilities (1) and (2), fatigue tests were 
made, using copper and brass in four environments— 
namely, air, partial vacuum, also purified air (freed from 
acid and alkaline impurities), both in the dry and damp 
conditions. The examine possibility (3), fatigue tests, 
both in air and in a partial vacuum, were made on a 
copper containing cuprous oxide, on oxygen-free copper, 
and also on copper deoxidised with phosphorus. As a 
matter of general interest, fatigue tests conducted both 
in the atmosphere and in a partial vacuum were on pure 
lead, also on Armco iron tested in two forms of heat- 
treatment. 

The results of the tests on copper and brass suggest 
strongly that the acid and alkaline impurities present in the 
atmosphere can have little, if any, influence on atmospheric 
corrosion fatigue, but that oxygen in the presence of water 
is probably primarily responsible. The results of the tests 
on the oxide-bearing and deoxidised coppers, show that 
the comparative behaviour of these materials when tested 
in air and in a partial vacuum, is unaffected by the different 
compositions of the dissolved gases present in the two 
materials. 


EFFECT OF ATMOSPHERE EXPOSURE ON 
NON-FERROUS WIRES. 


In this paper, Dr. J. C. Hudson gives the results of 
atmospheric corrosion tests, in which various non-ferrous 
wires were exposed to an urban atmosphere for five years ; 
the extent of corrosion was measured both by determina- 
tions of the extent to which the breaking load of the wires 
had been decreased by exposure, and by measurements of 
the increase in the electrical resistance of the wire. The 
results of the two series of tests are in reasonable agreement 
both with each other and with those of earlier tests. In 
general, the rate of corrosion observed was small, that of 
copper being, for instance, of the order of 0-0002 in. per 
annum: the rate was definitely higher for nickel, nickel- 
copper alloys with high nickel contents, zinc, and brass, 
the breaking load of the last material being appreciably 
impaired by the effects of ‘ copper redeposition.”” ‘The 
most corroded material of all was a galvanised iron wire, 
which failed rapidly when the zine coating had corroded. 
Comparison of the present results with those of similar 
tests over shorter periods points to the conclusion that in 
many cases, such as those of copper and high-copper bearing 
alloys, the rate of corrosion decreases with time of exposure. 


THE ec, y, AND 8 PHASES OF THE SYSTEM 
CADMIUM-SILVER. 


The constitution of the alloys of cadmium and silver from 
30 to 60% by weight of silver has been reinvestigated by 
the methods of thermal and micrographic analysis, the 
results of which are reported in this paper by Dr. P. J. 
Durrant. The liquidus has been found to consist of four 
smooth curves intersected by peritectic horizontals at 
592°, 640°, and 736°C. The boundaries of the phases 
e, y, and 8 have been mapped. No changes occur below 
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the solidus in phases « and y, but the 8 undergoes two 
transformations. The upper transformation 8 ~~ B’ occurs 
at 470° C. when y is present, at 440° C. when a is present, 
and at some intermediate temperature dependent on the 
composition when £ alone is present; the lower trans- 
formation fp’ 8B’ occurs at 230° C., 240° C., or at some 
intermediate temperature under the same _ respective 
conditions. Both of these transformations are associated 
with marked changes in the range of solid solubility, and 
with the existence of eutectoid points at which the solid 
solution decomposes into a characteristic duplex structure 
of the Widmanstiitten type. 


TYPE-METAL ALLOYS. 


The microstructure and properties of lead-base antimony- 
tin-lead “type metal” alloys have been investigated by 
means of thermal analysis and micro-examination, the 
results of which are given by Frances D. Weaver, B.Sc. 
The liquidus surface for alloys containing up to 24% 
antimony and 14%, tin has been constructed. The general 
lines of the constitutional diagram put forward by Iwasé 
and Aoki have been confirmed. The existence of a true 
ternary eutectic in the lead-base corner is confirmed, but 
with the composition antimony 12°, tin 4%, and lead 84°,, 
solidifying at 239°C. The ternary peritectic invariant 
point of Loebe and contemporary workers is shown to be 
the eutectic point of a pseudo-binary system of lead and 
the compound SbSn 

A method of etching has been devised which distinguishes 
between the a and £8 antimony-tin phases, whether present 
as primary crystals or as eutectic constituents. The micro- 
structures obtained with different rates of cooling through 
the solidification temperatures, including those of  in- 
dustrially cast types, have been examined and compared. 
Hardness tests have been carried out on the alloys 


THE CONSTITUTION AND PROPERTIES 
OF CADMIUM-TIN ALLOYS. 

The constitution of cadmium-tin alloys has been deter- 
mined by means of cooling curves and microstructures. 
The results of this investigation by Professor D. Hanson, 
D.Se., and W. T. Pell Walpole, B.Sc., show that a eutectic 
is formed at 176° C. and 33°, of cadmium, but while there 
is a solid solubility at either end of the system, the exact 
positions of the sloping solidus lines have not yet been 
determined. Above 131° C. tin holds between 5°, and 6% 
of cadmium in solution, but at 131° C. two conjugate solid 
solutions are formed, which at 127°C. have the com- 
positions 1-25°, and 5°, of cadmium. At this temperature 
the one richer in cadmium decomposes to form a eutectoid. 
This transition occurs in all compositions from 1-25°%, to 
99-5°,, of cadmium. In alloys containing 40°, to 90%, of 
cadmium, a slight transition connected with a change of 
solubility of tin in cadmium occurs at 170° C. 

The tensile strength and hardness of alloys containing 
up to 10°, of cadmium have been measured after various 
heat-treatments. A permanent value of 5 tons per sq. in. 
can be obtained after suitable heat-treatments, with 
addition of 5°, of cadmium. Cadmium has a very marked 
refining effect on the grain-size of tin. After a reduction 
of 80°, by rolling, the grain-size is reduced from 1,600 
grains cm." in the case of pure tin, to 26,000 grains cm.* 
when 1°, of cadmium is present. Further additions have 
little effect. After annealing for one day at 160° C., tin 
containing 5°, of cadmium has a grain-size of 48,000 
grains cm.” 

THE PENETRATION OF STEEL BY 
SOFT SOLDER. 

Investigation of the failure of a nickel-chromium steel 
axle-tube of an aeroplane showed that the material had 
been weakened by inter-crystalline cracks due to a soft- 
soldering operation. Experiments were made with test- 
pieces of a number of steels, by stressing the specimen 
during exposure to molten metals and alloys at tempera- 
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tures up to 400° C., the results of which are given in a paper 
by L. J. G. van Ewijk, Dr.-ir. Cracking occurred in 
several of the steels, and microscopic examination showed 
characteristic intercrystalline penetration by the molten 
metal. The steels varied in their behaviour, certain 
specimens being particularly sensitive. Tests were made 
to determine the effects of temperature of the molten 
metals and treatment of the steel. The nature of the 
type of attack studied, and its practical significance are 
discussed. 

REDUCTION BY HYDROGEN OF STANNIC 
OXIDE CONTAINED IN H.-C. COPPER. 
When high-conductivity copper is refined by ordinary 
methods in a reverberatory furnace from charges con- 
taining tin, the resulting metal usually contains a small 
amount of the latter element in the form of stannic oxide, 
and this paper by Dr. W. E. Alkins and A. P. C. Hallowes, 
gives the results of an investigation on the reduction 
of this oxide by hydrogen, for which purpose samples of 
H.-C. copper wire, No. 16 s.w.g., containing 0-021°%, of 
stannic oxide, SnO,, were heated in a constant current 
of hydrogen for periods of 15, 30, 60, and 120 mins. at 
temperatures increasing from 550° to 850°C., and the 
tin-oxide content determined after each treatment. The 
results show that reduction of the stannic oxide commences 
at about 550° C., and that it is complete after 30 mins. at 
850° C., and after 60 mins. at 800°C. Thus, in the case of 
coppers containing amounts of tin oxide, such as are usually 
encountered, conditions of temperature and time which are 
satisfactory for determination of ** loss in hydrogen ”’ will 
effect complete reduction of any stannic oxide which may 

be present. 
UNSOUNDNESS IN ALUMINIUM SAND 
CASTINGS.—PART III. 


SOLIDIFICATION IN SAND MOULDS 
UNDER PRESSURE. 

This paper, by Professor D. Hanson, D.Sc., and I. G. 
Slater, M.Sc., describes further stages of an investigation 
carried out for the British Non-Ferrous Metals Research 
Association on unsoundness in castings and ingots of 
aluminium and its alloys. The work now described con- 
cerns experiments in which aluminium alloy melts cast 
into sand moulds were allowed to solidify under an ex- 
traneous pressure of air and nitrogen. It was discovered 
that pinholes are reduced in size and ingots of high density 
could be obtained. With most aluminium alloys a pressure 
of 50 lb. per sq. in. is sufficient to remove all visual traces 
of pinholes from a 2 in. x 2 in. diameter sand-cast block. 
At higher pressures, ingots having densities approaching 
the optimum are obtained. The applied pressure appears 
to affect the gas cavities by compressing them to finer 
dimensions. The mechanical properties of the alloys are 
much improved by solidification under pressure, whilst 
shrinkage is confined to a single cavity. 

PROPERTIES OF TIN CONTAINING 

ALUMINIUM, MANGANESE, OR BISMUTH. 

The work described in this paper by Professor D. Hanson, 
D.Sec., and E. J. Sandford, B.Sc., represents the second 
part of a systematic investigation of the effects of added 


elements to tin. It is part of the research programme of 


the International Tin Research and Development Council. 
The investigation shows that aluminium has a large effect 
on the strength of tin: 
pure tin from about 1-0 to about 5 tons per sq. in., while 
the elongation decreases from about 80 to 30°,. Further 
additions, up to 1-0°,, produce no appreciable effect. The 
improved properties are not permanent when the alloys 
are stored in normal conditions, owing to a deterioration 
of the material which commences at the surface and 
spreads slowly inwards: a brittle “skin” is formed, 
which cracks when the alloy is bent or otherwise strained. 


The tensile strength is seriously affected in thin sections, 


(Continued on page 127. 





0-5°, increases the strength of 
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Recent Developments 


in Heat- Treatment 
Furnaces and 


Auxiliary Equipment 


The trend of heat-treatment furnace design is towards a better 


application of heat to the parts treated, better utilisation of 


heat within the furnace, control of the furnace atmosphere, and, 
generally, better control of operations which contribute to 
better quality and greater production at less total cost in terms 
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of the finished products. Some 
discussed. 


ASS production methods have influenced the design 
of heat-treatment furnaces during recent years, 
and has caused the designer to give special 

attention to furnaces for processing particular products 
rather than to the general purpose furnace. In modern 
practice there is less tendency to standardise the design 
of a furnace, because it is realised that the conditions 
governing the selection of an installation are rarely alike, 
thus, apart from small furnaces, each furnace is generally 
designed to suit the particular manufacturing requirements 
or other conditions involved. 

Much progress has been made in the design of heat- 
treatment furnaces, and this is true of all types, whether 
heated by different forms of fuel or electricity, with the 
result that to-day furnace equipment is being designed 
and installed which is more efficient than that formerly 
employed. Greater attention is now given to the applica- 
tion of heat to the parts treated, the better utilisation of 
heat within the furnace, the control of furnace atmosphere, 
and, generally, to better control of operations which 
contribute to improved quality and greater production at 
less total cost in terms of the finished product. 

An interesting example of the special type heat-treatment 
furnace is illustrated in Fig. 1. This large furnace, designed 
and constructed by Birmingham Electric Furnaces, Ltd., 
for the heat-treatment of long forgings, was recently in- 
stalled at a Sheftield works. The leading dimensions of this 
equipment are as follows :—Internal diameter, 3 ft. ; 
height of chamber, 31 ft. ; overall height, 38 ft. ; diameter 
of casing, 6 ft. 10 in. 

The furnace is erected in a pit approximately 9 ft. 6 in. 
deep, for which reason its full height is not apparent in the 
photograph we enclose. It will be seen that operating 
platforms are provided at two positions in the height of the 
furnace, a permanent ladder being fitted for access to these. 

Required to operate at temperatures up to 1,000°C., 
the furnace has been designed to permit extremely accurate 
treatment. Special provision has therefore been made for 
maintaining a sensibly uniform temperature throughout 
the depth of the chamber, to which end the heating elements 
are divided into eight separate sections, occupying corre- 
sponding sections of the chamber depth. Each section of 
heating elements is provided with equipment for entirely 
independent and fully automatic temperature control, the 
eight instruments being mounted remote from the furnace. 
A single multi-point temperature recorder is provided by 
means of which a record of the temperature in four different 
parts of the furnace can be kept, and any variation from 
the set value checked at once. 

The rating of the furnace is 430 k.w., supply being derived 
from a high-tension, 3-phase main by means of a trans- 


former. The heating elements themselves are of an 
exclusive type, comprising a number of cast nickel- 


chromium alloy sections welded together to form a con- 
tinuous, sinuous ring supported on the inner face of the 


recent developments are 








Fig. 1. Large electric furnece designed for the heat-treatment of 


long forgings. 


furnace lining. This type of element is probably the most 
robust available, and is immune from damage, even through 
accidental contact with the charge, except in exceptional 
circumstances. Additional protection against contact of 
this kind, however, is provided by the special arrangement 
of the refractory lining. 

The transformer which supplies the heating elements 
is provided with voltage regulating tappings which permit 
the rating of each section of elements to be adjusted 
initially to obtain maximum uniformity of heating. Subse- 
quent adjustments may be made to provide special con- 
ditions which may be required for the treatment of articles 
of non-uniform section. 

A number of inspection holes is fitted at various points 
in the furnace walls, and provision is made for checking 
the central location of the charge in the chamber. The 
furnace is fitted with a close-fitting, well-insulated cover, 
which is mounted on a pivoted, counter-balanced lever 
in such a manner that it can be lifted slightly and swung 
to one side, clear of the opening, with maximum ease. 

The furnace has not been in operation long enough to 
make possible the publication of any reliable operating 
data, but it has been found, up to the present, that it pro- 
vides a degree of uniformity in the treatment of long, 
forged tubes, etc., far superior to that afforded by any 
similar equipment previously available, and sufficient to 
permit strict adherence to the most exacting heat-treatment 
specification. 

The conveyer type of heat-treatment furnace has many 
advantages for small repetition work, particularly when 
moderate temperatures are involved. They give efficient 
service over many years at very low maintenance costs. 
A small furnace of this type, designed by Wild-Barfield 
Electric Furnaces, Ltd., for the heat-treatment of meta! 
dises, is shown in Fig. 2. The discs are conveyed through 
the furnace on a continuous nickel-chromium band of 
special design, provided with automatic tensioning device 
which is quite novel. The conveyer band is driven through 
suitable reduction gear by means of a motor situated on a 
base plate under the furnace chamber. 

This furnace, in comparison with the furnace previously 
mentioned, is very small, but its compactness will be 
noted. It is connected to a 440-volt single-phase supply. 































Small 


Fig. 2 


Another special-purpose furnace is shown in Fig. 3. This 
is a Wild-Barfield furnace for the continuous hardening of 
razor-blade strip. Many similar furnaces made to the same 
design have been installed. They consist of circular fireclay 
chambers, 10 ft. long, fitted with nickel-chromium gas-tight 
lever, A suitable gas entry is let into the liner to control 
the furnace atmosphere, with the result that a steel strip 
is produced which is hardened and subsequently tempered 
with a perfectly bright finish 

As will be noted in the illustration, this furnace is fitted 
with 3-zone control, each zone being automatically con- 
trolled for temperature. As the strip leaves the furnace 
it is quenched between water-quenched cast-iron dies and 
continues its travel through the tempering furnace 
It is noteworthy that the 


then 
(not shown in 
winding unit for this class of strip is of special design, and 


illustration) 


permits speeds of 20-30 ft. of strip per min, 
A large furnace recently installed in a steel foundry in 
Sheftield is shown in Fig. 4 


the car-bottom type, for annealing 


This is a gas-fired furnace of 
and tempering steel 
by British 
The work to be 
which 


castings. It was designed and built Furnaces, 


Ltd., and has several interesting features. 
treated is loaded on a bogie-runner on roller tracks. 
Fig. 3 


furnace for hardening razor-blade strip. 


S pet ial purpose 
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extend from the front of the furnace a 
sufficient distance for the bogie to be 
removed entirely from the furnace. The 
top of the bogie available for the charge 
is 10 ft. 3 in. wide and 15 ft. 6 in. long, and 
the available working height is 5ft. The 
inside dimensions of the furnace chamber 
are 1] ft. wide, 16 ft. long, and 10 ft. 3in. 
high. The roof is of the flat suspended 
type, and, where possible, is insulated, 
The walls are constructed of 9 in. of fire 
brick backed with 9 in. of efficient insulat- 
ing brick, the whole being enclosed in a 
heavy mild-steel casing suitably braced. 

The burner equipment is of the auto- 
matic proportioning single-valve contro 
type, using air under pressure, along with 
gas at ordinary town’s pressure. The mix- 
ture supplied to the burners remains con- 
stant throughout the whole range of 
consumption with attention on the part 
of the operator, and the amount of mix- 
ture consumed by each group of burners 
controlled by a single valve. The 

furnace atmosphere can be readily ad- 
justed, and once set does not require further attention. 
The burners are applied down each side of the furnace, both 
above and below the charge, and are grouped in eight 
nests. The burner equipment is arranged to give working 
temperatures between 500° and 1,000° C. when the bogie 
is loaded with charges up to 9 tons in weight. 

The flues are arranged in each side wall, the actual 
openings into the furnace chamber being at the level of the 
bogie top. After passing up the side walls, the gases are 
collected in two longitudinal flues, which are connected 
into a cross flue fitted with a main damper. This damper 
is under automatic control in such a way that when the 
burner equipment is shut off the damper is closed, and so 
air infiltration into the furnace, during cooling, is reduced 
to a minimum. 

Another large furnace is shown in Fig. 5. This is one of 
a number of reheating furnaces recently built in the new 
heavy forge of English Steel Corporation, Ltd. It has been 
designed by G. P. Wincott, Ltd., to deal with the largest 
of forgings. The main door is of the lift-uwp type, and is 
electrically operated by means of a 3h.p. motor. The 
operating gear of the side doors consists of screw-type 
mechanism electrically driven by a 2} h.p. motor, and 
arranged to give a stroke of 6 ft. 

As is now well known, development in the field of bright 
annealing has made great progress during recent vears, and 
is a subject of constant research. An interesting 
example of this type of furnace is shown in Fig. 6. 
This equipment, designed and built by Birmingham 
Electric Furnaces, Ltd., for the continuous bright 
annealing of non-ferrous tubes, is being installed 
ina Birmingham factory. The output is approx- 
imately 7 ewt. of tubes per hour when operating 
continuously. The furnace is of the single-track, 
driven roller-hearth type, its total length being 
approximately 124 ft. The charging end of the 
furnace is shown at the foreground of the picture, 
and the equipment comprises essential sections 
which include Loading space: introductory 
chamber: heating chamber: cooling chamber ° 
exit chamber: and unloading space. 

The heating chamber contains three sections ot 
heating elements totalling approximately 100 k.w. 
each section being provided with independent 
automatic temperature control for the sake o 
maximum uniformity of heating combined wit! 
a rapid input of heat to the cold work entering 
the chamber. The length of the heating chambe' 
is approximately 10 ft., and the effective width o! 
the roller track 2 ft. 


{ 

















Marcu, 1935. 





Fig. 4. Large gas-fired furnace for annealing and tempering steel castings. 


The furnace is designed to deal with tubes from 2 in. 
to 2in. diameter, and the entire casing, etc., is made 
effectively gas-tight. The cooling chamber is surrounded 
by a water jacket, and the interior of the whole equipment 
is filled with a special mixture of gase: which forms a 
reducing atmosphere and excludes oxygen. In this way 
the tubes are maintained out of contact with oxygen 
during both annealing and cooling, so that no oxidation 
or other discoloration of their surface takes place during 
the treatment. In actual fact, it is found that the tubes 
are often brighter on emerging from the furnace than when 
loaded. The furnace atmosphere is generated by separate 
plant arranged along the wall at the right-hand side of the 
photograph. The gases forming the furnace atmosphere are 
produced from the combustion of a volatile hydro-carbon 
which is supplied in cylinders, two of which are seen in 
the right-hand foreground. After combustion the gas is 
purified and then admitted to the furnace, being exhausted 
at each end through the flues provided. 

The above equipment represents a typical bright anneal- 
ing furnace, but, naturally, many modifications are possible 
in respect of the means for conveying the work through 
the heating and cooling chambers. A considerable number 
of furnaces of this type have been installed, employing a 
continuous wire-mesh conveyer for carrying the work, 
these being employed in both the ferrous and non-ferrous 
industries. Equipments of this type are in use for annealing 
steel blanks and pressings, silver and nickel, and other non- 
ferrous alloy sheets, while other types are available in which 
material such as strip, wire, etc., is passed continuously 
through the furnace without the use of any conveyer 

An interesting continuous-drum annealing furnace is 
shown in Fig. 7. This is a Wild-Barfield furnace, having a 


circular chamber, inside which is a rotating drum made of 


cast nickel and chromium. One end of the drum is fitted 
with a scoop, and the exit end with a chute for the delivery 
of the annealed parts. The cast drum is mounted on rollers 
outside the furnace at the hopper end, and in the insulation 
at the exit end, arrangements being made for expansion. 
The whole furnace and rotating gear is mounted on one 
stand, which includes the driving motor, reduction gear, 
and variable speed gear, making a very compact and 
serviceable assembly. This type of furnace is applicable 
to many industries, and, constructed as a self-contained 
unit, it can be readily installed in the production line, 
thus reducing handling costs. 

One of the methods for the heat-treatment of steel is the 
Hump method, the equipment for which consists primarily 
of a vertical furnace wound with resistance wire, and a very 
sensitive thermocouple, which is inserted through the 
bottom of the furnace, so that the hot junction of the couple 
is near to the centre of the work. In addition, the equip- 
ment is provided with an automatic temperature recorder 
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Fig. 5. Reheating furnace for large forge work, 

which draws a temperature curve on a chart. The curve 
drawn by the recording instrument shows the temperature 
and time at which the charge reaches its critical change- 
point, and produces an indication in the form of a hump 
in the curve. Quenching is done at a predetermined interval 
after the hump appears, so that it and all subsequent 
operations depend upon accurate knowledge regarding the 
proper interval between the critical point and the quench. 

A more recent development of this method is incor- 
porated in the Vapocarb-Hump furnace. shown in Fig. 8. 
This furnace is designed for heat-treatment in an air-free 
chamber, and also for occasional carburising. This develop- 
ment brings under complete control the three vital factors 
on which correct hardening depends—first, the rate of 
heating, then the cooling or quenching point, and finally 
the furnace atmosphere. The equipment embraces a small 
cracking unit for creating a reducing atmosphere in the 
hardening chamber. Into this cracking unit a special 
fluid drops from a container suspended above it. A con- 
necting pipe conveys the cracked gas to the working 
chamber of the furnace, and the burning stream of exhaust 
gas is visible at the port in the lid when the equipment is 
In operation. 

It is claimed that the furnace atmosphere is absolutely 
air and steam free. The equipment is fitted with an 
automatic control of the rate of heating, based on the 
temperature-difference method, and when the difference 
is greater than a predetermined value, the furnace auto- 
matically switches off and switches on again when the 


Fig. 6. Electric installation for the continuous bright annealing of 
non-ferrous tubes, 




















jnnealing Furnace. 


Fiq. 7 1 Continuous Drau 
rate of heating returns to normal 
with the Homo air-circulating furnace, now manu- 
factured under licence by the Integra Co., Ltd. It is note- 
worthy that the Homo air-circulating furnace is now 
supplied for operations up to 760° C., which enables it to be 


are 


used, not only for tempering and secondary hardening of 


steel, but also for annealing non-ferrous metals. This 
furnace is also available as a horizontal furnace, fitted with 
four or six fans, which reverse their rotation in pairs 
automatically in order to create a uniform heating effect 

An oil-fired low-pressure fan-blast furnace, complete with 
motor-driven blower, by Allday & Co.. is specially designed 
to meet demands for economy and efficiency all tempera- 
tures from 700° to 1,300°C. It is suitable for annealing. 
case-hardening, and general heat-treatment. An improved 
method of firing is adopted by which a uniform heat is 
obtained from end to end, rendering the whole heating space 
available. In addition, when the door is open a hot mouth 
can be maintained, all the free air is excluded by a curtain 
of hot gases across the furnace mouth, thus there is the 
minimum of scaling. This important feature is attained 
by means of special flue construction, which also ensures 
a longer life for the refractory brickwork and does not 
weaken the furnace top. The burner, which operates with 
all grades of oil fuel, is provided with separate hand-wheel 
micrometer adjustment for both air and oil. 

A new process of atmosphere control is incorporated in a 
furnace for the heat-treatment of high-speed and alloy 
steels which British Furnaces, Ltd. are making under 
licence from the Sheffield Gas Co. One important advantage 
which is stated to have resulted from the process is the in- 
creased life of tools treated. Cutting tests on high-speed 
steel reamers, twist-drills, and hobs, treated under correct 
atmosphere-controlled conditions, have shown a 100°, 
to 150°, increase in life over similar tools treated by 
standard The apparatus used to provide 
atmosphere control is so designed and arranged that it 
causes a flow of the waste products of combustion from 
the heating chamber to the working chamber in a muffle. 
This flow of waste products is due partly to the slight 
pressure in the heating chamber and to the thermal circula- 
tion produced by alternate heating and cooling through 
the system. Once the furnace has been started, this flow 
takes place automatically, and its degree can be readily 
controlled 

In cyanide hardening, carburising and hardening may be 
effected by one of two methods : the immersion of the parts 
in a bath of liquid potassium cyanide or other mixture, 
followed by quenching ; coating the surfaces of the parts 
with an adhesive mixture of finely powdered carburising 


practices 
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cyanogenous salt, heat the steel to a proper hardening 
temperature and hardening as usual. The immersion 
process is the more efficient, but in regard to uniformity 
of the carburisation and simplicity and uniformity of 
operation. Several furnaces are available which have been 
specially designed for this operation, but an entirely new 
type has just been designed by Kasenit, Ltd. The special 
feature of this furnace is a new type gas and air burner, 
which, as will be noted in Fig. 9, the furnace is entirely 
enclosed. A few of these furnaces have already been 
installed in various works, where they are being used for 
hardening springs, small crankshafts, gears, set-screws, etc., 
and it is understood they are giving entire satisfaction. 

Another salt-bath, designed for treating aluminium 
alloys, is illustrated in Fig. 10, which is of rectangular 
shape, with a lid which lifts from the back, so that the 
cool top is always presented to the operator. The work 
holder is counterbalanced by a weight attached to an 
ingenious cam-pulley, so arranged that the weight is 
pulling at short leverage when the work is submerged, and 
at long leverage when the work is out of the liquid, thus 
automatically compensating for the effective change of 
weight caused by the immersion. A special feature of this 
salt-bath furnace is the pre-heating chamber shown on 
the right-hand side of the plant. The Duralumin parts for 
treatment in the bath are first placed in the side chamber, 
which is heated entirely by the products of combustion 
issuing from the main heating chamber surrounding the 
salt-bath. By the effective use of the products of com- 
bustion, the parts for treatment are heated to a tempera- 
ture sufficiently high to reduce the temperature drop in the 
bath on immersion of the work. Heating is effected by a 
special type oil burner using low air pressure, the whole 
of the air for combustion being preheated to a high degree 
before passing to the oil-burner. 


Automatic Temperature Control. 

Automatic temperature control has been standard 
equipment on electric furnaces for many years, but it is 
only within the past two or three years that it has been 
applied to gas-fired furnaces to any great extent. Even 
now, whilst almost every electric furnace is fitted with 
automatic temperature control, it is only certain gas-fired 
furnaces that are so fitted. The introduction of the 
Electroflo mechanically-operated mercury-switch — type 
control pyrometer, some five years ago, was one of the most 
important steps towards reliable temperature control, and 
the general principle on which the instrument works has 
been adapted to most other instruments of this type now 
available. 

The control pyrometer itself—together with auxiliary 
contactors in the case of large furnaces—is sufficient for the 
regulation of electric furnaces. In the case of gas-fired 
furnaces, however, further equipment is needed. Originally 
this took the form of solenoid-operated valves, but these 


Twin Chamber Close Annealing Furnace. 


Fig. 8. 
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were soon discarded in favour of slower-acting motorised 
valves. These, in turn, have given place to standard valves 
operated through link mechanisms from a master regulator 
whose reversing driving motor is governed by the control 
pyrometer. 

It is unlikely that any change of magnitude will take 
place for many years to come in automatic temperature 
control equipment, because the present apparatus, which 
has been the result of years of development, provides first- 
class results in an eminently simple manner. The changes 
we are likely to see will be refinements in design and 
modification to facilitate the application of the equipment 
to new processes. For example, whilst carburising and 
other heat-treatment processes require a fixed temperature 
to be maintained within close limits, there are other 
applications where the temperature is required to follow a 
fixed time-temperature cycle. For this purpose the 
Electroflo time-cycle control pyrometer finds its utility. 
It enables any furnace, whether electric or gas-fired, to be 
controlled in accordance with pre-determined schedule, 
and thus fills an important gap which has hitherto existed 
in the scope of automatic temperature control equipment. 


The multi-zone control pyrometer has a certain field of 


application for the operation of signal lights to guide 
operatives in the regulation of coal-fired furnaces or other 
furnaces where full automatic temperature control is 
undesirable for some reason or other. It can also be 
applied in order to regulate independently two or more 
zones of a multi-zone furnace, even if these zones need to 
be held at different temperatures. Apart from new 
apparatus of this kind, developments have taken place in 
the application of more or less standard equipment to new 
tvpes of furnace, or furnaces which are special in one way 
or another. For example, where dirty producer gas is 
used valves become gummed up and choked in a very 
short time, and it is necessary to supply special valves which 
can readily be removed from the pipe-line for periodical 
cleaning. Moreover, the settings of these valves must 
be readily adjustable, so that they can be reset from day 
to day, or as required. 

A scheme _re- 
cently developed 
to overcome these 
difficulties has 
proved most suc- 
cessful. It applies 
to furnaces where 
an integral gas 
producer is fitted, 
when, instead of 
controlling the gas 
supply by a valve 
directly, the gas 
generation is reg- 
ulated by means 
of a steam valve, 
simultaneously 
with regulation of 
the dampers ad- 
mitting air to the 
furnace. Control 
within plus or 
minus 5°C. has 
been achieved in 
this manner on the 
twin- chamber 
close-annealing 
furnace shown in 
Fig. 8, and install- 
ed on a Wellman 


Fig. 9.—-Totally enclose d Gas-fired Salt Bath. 


furnace at the 
works of Messrs. 
Greenway Bros., 


Ltd., in Bilston. 
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Salt Bath for Heat-Treating Aluminium Alloys, by 
Brayshaw Furnaces & Tools, Lid, 


Fig. 10. 


‘** Two-position ” control meets a large majority of 
industrial applications, but can to advantage be replaced 
by ‘ three-position ” control for large furnaces, and in 
special cases, whilst ‘‘ balancing control ’’ may also be used 
in some instances, particularly in oil-refinery plants. 
These systems were fully discussed in an article by Mr. G. H. 
Barker.* 

Several developments have been effected in Cambridge 
thermo-electric pyrometers for temperatures up to 1,400° C. 
One of the most outstanding is the introduction of the 
illuminated moving-scale indicator, in this instance a 
transparent scale is mounted on the moving coil of the 
galvanometer, and a magnified image of a small portion 
of it is optically projected on to a translucent screen 
carrying a fixed pointer. A greatly enlarged scale, virtually 
24 in. long, is thus obtained which is exceptionally clear 
and easy to read from a considerable distance in dark 
surroundings. Portions of the scale can be stained different 
colours to indicate when the temperature rises or falls 
outside certain limits. 

In installations comprising a bank of furnaces, it is 
frequently desirable to be able to read the temperature in 
each furnace at one central position, and a multipoint 
indicator is then employed. The latest Cambridge 
multi-point instrument is of interest. It is extremely 
robust, sensitive, and has a scale approximately 10 in. 
long, giving open divisions which can be easily read with 
considerable accuracy. This type of indicator can be 
supplied for any number of points from 6 to 48. A special 
feature is the mounting of the pivoted moving coil of the 
galvanometer, which is ‘ cushioned ” magnetically in the 
field of the galvanometer magnet, so that it “‘ floats” as 
it were, in space, and is effectively protected from any 
danger of damage through shock or vibration. A further 
important feature of Cambridge thermo-electric indicators 
is the provision of automatic cold-junction compensation, 
which renders it unnecessary to adjust the “ zero” of the 
instrument for changes in the cold-junction temperature. 

In the measurement of high temperatures, above 
1,400° C., the use of pyrometer stems is not possible, and 
it is necessary to use optical methods. The reason for this 
is that the materials employed, in immersion pyrometers 
particularly, cannot withstand the conditions arising with 
high temperatures. Optical methods, however, can be 
used to give quick and accurate readings up to the highest 
temperatures likely to be attained. A handy little instru- 
ment for this purpose is the cross-filament pyrometer. An 
Atmosphere Control’’—Metallurgia 


Furnace Temperature and 
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example of this type is shown in Fig. 11, which represents 
the Siemens pyrometer of Elliott Bros., Ltd. 

A recent development is a new equipment for the 
automatic control of furnace roof temperatures. This 
equipment measures the temperature of the roof, and not 
that of the heating chamber, and it is designed in such a 
way that the detecting element —that is, the thermo-tube 
will last practically indefinitely. The equipment can be 
fitted with a signalling device or can operate an automatic 
valve for regulation of the fuel supply. The object of this 





Filament Opti al Pyrometer. 

device is to guard against excessive roof temperatures, 
which might result in an over-heated or burned-out furnace 
The equipment, which ts supplied by the Integra 
a block of carborundum, 


roof. 
Co., Ltd., comprises four units : 
a thermo-tube with suitable Micromax 
recorder, and an automatic valve in the fuel line. This 
ingenious equipment ensures dependable roof protection, 


mounting, a 


with minimum of maintenance. 

A new controller Is being developed by the Foster 
Instrument Co., which is to be known as the ** Flexipush ” 
control. The interior view, Fig. 12, shows the construction 
of the first experimental model. [It will be noted that the 
construction is simple, and relays or complicated selector 
mechanisms have been dispensed with. The main mercury 
tube switch, which controls the supply of the heating 
medium, is tipped to the requisite angle and direction 
according to the position of the temperature indicating 





1? —New Controller know) 


Fig. 


us the ** Flexipush.” 


pointer in relation to the set-control point. This is accom- 
plished by means of Bowden wire-type transmissions, one 
end of each of the outer Bowden sleeves being mounted 


on either side of the mercury switch carrier, while the 


inner wires operate the swivel arm, which carries and tilts 
the mereury switch 
are anchored to carriers behind the temperature scale, one, 
the low-temperature transmission, in a fixed position at 
zero, and the other, the high-temperature transmission, 
adjustable according to the temperature required, At these 


The other ends of the outer sleeves 
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ends the inner Bowden wires terminate in plungers carrying 
small tables, a finger attached to the temperature pointer 
moving between these tables and a bar, which is depressed 
periodically by a motor-driven cam mechanism. 

According to the position of the temperature pointer, the 
fall of the bar causes the finger to engage with and depress 
one or the other of the two tables, the movement of the 
inner wire thus produced tilting the mercury switch into 
the requisite position. This, in turn, reduces or increases 
the supply of heat to the furnace. 

In the case of the smaller electric furnaces, the supply 
is carried and controlled directly by the mercury tube 
switch, but on the larger furnaces, control is effected through 
the contactor gear. In the case of oil and gas-fired furnaces, 
a slightly modified arrangement of tables is adopted, and 
the fuel and air supplies are controlled by the mercury 
switch through the medium of magnetic or motor-operated 
valves and dampers. In the case of gas-fired furnaces, 
combined gas and air valves are available whereby the 
gas air ratio can be pre-set and will remain constant while 
the furnace is under automatic control. 

It will be appreciated that, in practice, the flexible 
nature of the transmission adopted simplifies enormously 
the arrangement of the controller, as it is not necessary to 
have moving components covering the full scale range, and 
with flexible current-connections. 


Iron and Steel Industry in Canada. 


Tuirty-stx Canadian firms, engaged in 1933 in the primary 
iron and steel industry, operated four of the available 
eleven blast-furnace departments, two ferro-alloy plants, 
twenty-six steel furnace divisions, and eighteen rolling or 
drawing mills, factory sales being valued in all at 
$18,492,549. The twenty-two works in Ontario accounted 
for 63°%, of Canada’s total sales. The industry had a total 
capitalisation of $96,444,846, and employed 5,200 persons 
earning $6,049,189. Pig iron production totalled 227,317 
long tons, as against 144,130 tons in 1932 and 420,038 tons 
in 1931. Production last year was about 15% of rated 
capacity. 

Ferro-alloys production aggregated 30,133 long tons, 
as compared with 16,161 tons a year previously, whilst 
steel production advanced 21% from 339,346 tons to 
409,979 tons. Fifteen plants made hot rolled products ; 
one made cold rolled strips, and two produced cold drawn 
shapes. 


Last year the United Kingdom exported to Canada iron 
and steel manufactures valued in all at £2,593,835, as 
compared with £2,247,142 in 1933. Exports to Canada of 
non-ferrous metal goods rose from £209,873 to £308,923. 
Exports of cutlery, hardware, instruments and implements 
also rose from £291,234 to £338,616; whilst machinery 
exports totalled £810,366, as against £636,128 a year 
previously. Of this latter total textile machinery accounted 
for £254,954, as compared with £129,036 in 1933. 


A New Design of Magnetic Clutch. 


m page 120.) 


coil are enclosed in tubes of high-grade insulating material, 
and are securely fixed to the main body of the clutch. The 
friction ring is provided with a Ferodo strip-lining. In 
clutches of 12 in. diameter and above, the coil and friction 
ring are so assembled that they can be removed without 
interfering with the shafts or clutch armature. 

The armature consists of a high permeability steel disc, 
which is carefully machined and fitted with release springs. 
When the excitation current is switched on, the magnetic 
pull draws the armature into firm contact with the friction 
face on the main body of the clutch, so that power is 
transmitted to the driven shaft. When current is switched 
off, the armature is automatically disengaged from the 
friction face by the release springs, 


Continued fi 
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A New Heavy Forge 


In the heavy forging industry the English Steel Corporation, Ltd. 


have an enviable reputation 


as forge-masters, gained over more than half a century, and their authority in this class of work 


is recognised throughout the world. 


The demand for heavy forgings has so greatly increased 


that this company decided to erecta new heavy forge capable of dealing with ingots up to 250 tons 


in weight. 


N earlier issues descriptions were given of the extended 


metallurgical and research department, the building of 


anew Siemens melting department, as well as other im- 
portant developments by the English Steel Corporation, Ltd. 
These formed part of a comprehensive and complete 
scheme of reorganisation under taken when the steel inter- 
estsof Vickers, Ltd., Sir W. G. Armstrong Whitworth, and 
Cammell Laird were taken over by the Corporation in 1929. 
A further substantial contribution to the scheme has just 
been completed by the erection of a new heavy forge. 
It will be appreciated that since the inception of the 
scheme an industrial depression of unparalleled intensity 
has been experienced, but the work of reorganisation and 
re-equipment has proceeded with undiminished speed. As 
a consequence, the Corporation have been able to take full 
advantage of the return of trade, and closed the year 1934 
with particularly satisfactory order books in their numerous 


departments, where they manufacture, amongst other 
things, heavy forgings for chemical and oil engineering 
processes, super power stations, marine, electrical and 
general engineering work ; heavy and light castings ; drop- 


forgings for automobiles, aircraft, and general engineering ; 
tyres, axles, and springs for railway and tramway rolling 
stock ; springs and frames for road vehicles ; engineers’ 
small tools. 

It will be remembered that they were entrusted by the 
Imperial Chemical Industries, Ltd., with the manufacture 
of the huge hollow-forged vessels and other parts required 
for the new coal hydrogenation plant being built at 
Billingham, which forgings presented difficulties in steel- 
making, forging, heat treatment, and machining, the 
ingots required being of a quality and size never ‘be ‘fore 
attempted, giving rise to new and difficult metallurgical 
problems, all of which the English Steel Corporation, Ltd., 
have successfully overcome. The demand for these and 
other types of heavy forgings has so greatly increased 
that an entirely new heavy forge has been erected, capable 
of dealing with ingots up to 250 tons in weight. It has 
been equipped for the production of heavy forgings, in- 
cluding hollow-forged steel vessels up to the largest sizes 
and weights for use in chemical and oil engineering pro- 
cesses and power plants under conditions of high tempera- 
ture and pressure, autoclaves, gear-wheels and rims, heavy 
electrical rotors, marine crankshafts, propeller shafting, 
heavy section rolls for rolling mills and other general 
forgings. 


7,000-Ton Press. 


The equipment includes a 7,000-ton press, which is 
claimed to be the largest forging press in the world to be 
operated by a high-pressure electro-hydraulic pumping 
set. This press is of the single-cylinder type, with built-up 
entablature and base plate, the base or anvil block being 
built solid into the foundation up to floor level. Four 
forged steel columns are screwed into the base plate and 
are of sufficient strength to take the full reaction of 7,000 
tons when the load is applied 7 in. out of centre. The 
crosshead is of steel, and is fitted with cast-iron slippers. 
The main ram is of cast iron, and the cylinder of forged 


steel. The main forging valve is attached to the top of 
the cylinder, and is hydraulically operated by the low- 
pressure accumulator system. 

The single main forging cylinder and ram give a total 
nett forging pressure of 7,000 tons, with a working pressure 
of 2} tons per sq. in. 
of 2 in 


The press has a penetration speed 


per second, and will give ten 5-in. penetration 








This has recently been completed, and a brief description is given in this article. 


strokes per minute at full load, with greater penetrations 
at lighter loads, or alternatively, a greater number of 
strokes with smaller penetrations. Two hydraulic lifting 
cylinders operated by accumulator pressure water at 1 ton 
per sq. in. give a lifting speed of 5 in. to 6 in. per second, 
other auxiliary hydraulic gear being provided for manipu- 
lation of the work and for tool-changing. 

The press plant operates on a closed air-vessel system. 
The air vessel acts as a prefiller for the main press cylinder, 
receives the exhaust water from this cylinder, supplies 





si owing the 


General view of building, 7,000-ton press. 
the suction side of the pump with low-pressure water, and 
receives the low-pressure water from the delivery side of the 
pump when it is circulating under light load. In order to 
keep the circulating water as cool as possible, the water- 
storage capacity of the air vessel is at least ten times the 
main press cylinder capacity. The pressure in the air 
vessel has a maximum value of 70 Ib. per sq. in., dropping 
to a minimum of about 55 |b. per sq. in., this pressure 
being supplied by compressed air from the service mains. 

Apart from the starting up of the motor and auxiliary 
oil and water circulating pumps, the main press forging 
operations are controlled by a single master control of 
‘handing ” lever. The control system includes a multiple 
spring-loaded relief valve on the high-pressure main, which 
operates at a pressure of 2-75 tons per sq. in., and short- 
circuits the pump water back to the air vessel in case of 
excessive resistance against the press ram ; a further safety 
device provided returns the “ handing ” lever to the “ off” 
position in the remote possibility of the total failure of the 
above valve. 

A by-pass valve limits the working pressure and speed 
of the press to any desired pressure from zero to maximum. 
Water above the amount required to give the predetermined 
pressure being returned via the valve to the air vessel. 
This valve also enables the press to be used as a vice, 
allowing forgings to be gripped between the press tools 
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without any actual penetration taking place. The control 
of this valve is by means of a servomotor and telemotor 
gear, operated by an auxiliary lever on the main platform. 


Reheating Furnaces. 

Seven of the most modern types of producer gas-fired 
reheating furnaces having gas and air regenerators were 
supplied and installed by Messrs. Wincotts, Ltd. These 
three furnaces and four fixed bottom 
furnaces, and are arranged to discharge within easy reach 


consist of bogie 





Reheating a partly forged hoiler drum 


of the cranes serving the They are 
accommodating and economically heating a 
of ingots and forgings, the largest being 28 ft. 64 in. long, 
14 ft. wide, and 18 ft. high, and the smallest 15 ft. 2 in. 
long, 7 ft. wide, and 8 ft. high. One of these furnaces is 
illustrated on another page in this issue 


press 


wide range 


The bogies are constructed of heavy mild-steel plates and 
sections, bricked with 15 in. thick firebrick, and fitted with 
cast-steel double-flanged rollers, 12 in. diameter, spaced 
at 2 ft The haulage gears for operating the 
bogies are fitted with 50h.p. motors, giving a haulage 
speed varying from 20 ft. per min. to 30 ft. per min., and 
are designed to haul a maximum load of ingot and bogie 


Orn. centres 


of 300 tons at 20 ft. per min. They have machine-cut 
cast-steel gearing, and the bearings for the gear-wheel 


shafts are housed in a fabricated mild-steel frame welded 
together. The furnaces are supplied with producer gas 
from a Morgan gas machine installed by the International 
Construction Co., Ltd., and housed close to the heavy 
forge, and adjacent to the sub-station beforementioned 


Heavy Forge Cranes. 

For conveying the ingots when reheated from the furnaces 
to the press, and the important task of manipulating same 
during forging, two electric overhead travelling cranes are 
installed, one of 200 tons and the other of 120 tons capacity, 
each crane being fitted with turnover gears for rotating the 
forgings under the press. The main hoist motion of the 
200-tons crane is fitted with a two-speed gear, giving 
per min., with a load of 200 tons 
100 tons load. This motion is 
D.C running in 


hoisting speeds of 9 ft 
or 18 ft. per min., with a 
driven by 2-100 h.p. 220 
parallel. 


volts motors 


The control of these motors represents an innovation 
in crane practice, and is the first of its kind to be applied 
to a crane in this country. It consists of the interposition 
of what is termed a Metadyne generator between the 
supply and the hoist motors, the Metadyne generator being 
capable of giving constant current over a very wide range 
of voltage by manipulation of the comparatively small 
field excitation current. The characteristics of the Metadyne 
system from an operating point of view are very similar 
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to those of a steam-engine, and will stand the same amount 
of abuse from inexperienced operators. The crane motors 
may be stalled and still maintain a torque, or short- 
circuited without damage, and operate without difficulty 
over a wide range of speed in either direction. One of the 
great advantages from a maintenance point of view is the 
elimination of the usual contactor type starting and 
regulating panels, together with their heavy resistance, 
resulting also in a considerable saving of energy and 
greatly increased speed of operation. A novel and useful 
feature of this system enables the crane driver to adjust 
his controls to give sufficient opposing torque at the motor 
pinion, to balance that due to the weight of the load on the 
crane hook, thus supporting the load independently of the 
brake. When forging under the press, this feature enables 
the crane to follow automatically the movements of the 
press without control by the crane driver. To further 
assist in this direction, the intermediate shafts and the 
winding drums on the cranes are fitted with roller bearings. 

An auxiliary hoist motion having a lifting capacity of 
40 tons at 20 ft. per min., and driven by an 80 h.p. motor, 
is used for tool-changing and general work about the forge. 
The crane has a longitudinal travelling speed of 120 ft. 
per min., and a cross-traversing speed of 50 ft. per min. 
The turning gear is fitted with a 30 h.p. motor driving a 
bridle chain at a speed of 16 ft. per min. 

The second crane is fitted with main and auxiliary hoist 
motions, the former being capable of lifting 120 tons and 
the latter 40 tons, both at 20 ft. per min. The corresponding 
motors are of 325h.p. and 100 h.p., operated through a 
contactor gear by master controllers. This crane has a 





foc as . 


using swage 


Forging first end of boiler drum, 


longitudinal travelling speed of 120 ft. per min., and a 
traversing speed of 70 ft. per min. The Metadyne generator 
and motors were supplied by Metropolitan- Vickers Electrical 
Co... Ltd. 

The spacious and lofty building which houses the press 
was built by Sir Wm. Arrol and Co., Ltd., the furnaces 
being accommodated in an annexe. It is noteworthy that 
careful attention has been paid to the lighting of the 
department. 





O bituary. 


MR. L. P. SIDNEY. 


We regret to announce the death of Mr. Leicester P. 
Sidney, editor of The Metal Industry for the past nine 
years. Mr. Sidney had a wide experience in industry, 
coup'ed with a flair for technical journalism, and the 
staff of the Louis Cassier Company will miss a colleague 
with charming personal qualities such as he possessed. 
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Business Notes and News 


Merseyside to Build an Aircraft Carrier 


The official announcement that the Admiralty have decided 
to entrust the construction of the aircraft carrier of the 1934 
programme (H.M.S. Ark Royal) to Messrs. Cammell Laird 
and Co., Ltd., is welcome news to Merseyside. No details 
of the specifications have yet been given by the Admiralty, 
but it is believed that this will be the longest vessel ever built 
on Merseyside, and some reconstruction will be necessary and 
new plant installed before the keel is laid. 

It is understood that the vessel will have a displacement 
of 10,000 tons, and will be designed to enable the aircraft 
to alight on and leave her decks without obstruction. This 
vessel is the second to be built for the Admiralty specially for 
the purpose of aircraft carrying. At present the only vessel 
of this type is The Hermes, laid down at Elswick in 1919, 
and completed in 1924. There are several vessels which have 
been converted for this purpose. 

The Hermes is 598 feet long and her width over the flight 
deck is 90 feet. Her speed is 26 knots. The whole length 
of her flight deck is available for the starting and landing of 
planes, of which she carries 20. By special arrangements for 
the emission of hot gasses and smoke, there are no funnels. 
Two electrically-controlled lifts, one aft and one forward, 
hoist the planes from the quarter-deck to the flight deck, under 
which are the hangars and workshops. Her complement is 
500 naval ratings and 130 Royal Air Force members. 


The Bessemer Gold Medal 


Bessemer Gold Medal of the Iron and Steel Institute 
for 1935 has been awarded to Professor A. M. Portevin, 
Directeur de VInstitut de Soudure Autogéne; Professor 
a lEcole Supérieure de Fonderie, et & P Ecole Centrale des 
Arts et Manufactures. 

Captain I. F. L. Elliot, assistant managing-director, The 
British (Guest Keen Baldwins) Iron and Steel Co., Ltd. ;: 
Mr. E. F. Law, Messrs. Riley, Harbord and Law; and Dr. 
T. Swinden, Director of Research, The United Steel Companies 
Limited, have been elected to fill the vacancies on the Council 
of the Iron and Steel Institute. 


The 


Light-Alloy Display 

It is somewhat unusual to prepare a window display show- 
ing a particular type of metal, and probably for this reason 
the display at Crown House, Aldwych, is attracting con- 
siderable attention. This display shows many of the applica- 
tions of an aluminium silicon alloy known as M.V. “ C” alloy, 
manufactured by Metropolitan-Vickers Electrical Co., Ltd. 
One of the special features of this alloy is its resistance to 
corrosion and under many conditions of service, including 
marine service, it is finding increasing use. 

A remarkably varied selection of examples displayed help 
to show the wide range of applications; although castings 
are mainly shown because of their attractiveness, the metal 
is ideal for extrusions, sheets and tubes. It is noteworthy 
that a replica of a medallion actually cast by H.R.H. The 
Duke of Kent is shown, and a comprehensive collection of 
cast nameplates of all sizes. Such widely-separated applica- 
motor-bus frames, miners’ handlamps, parts for 
aeroplanes, electrical machinery, trawlers, ete., also 
represented. 


tions as 
are 


Hadfields Reconstruction 


The promised scheme of reconstruction of the Ordinary 
capital of Hadfields, the Sheftield engineering company, has 
been announced. Trading profits since 1929 have not been 
sufficient to provide depreciation or a dividend on the Preference 
shares, and in order to bring down values of properties to 
present-day figures, it is proposed to write down the assets 
by £1,020,810. Of this amount the Ordinary shares are asked 
to provide £929,892 by writing off 10s. a share from the issued 
shares, £52,735 will be taken from the special reserve, and 
£38,183 from the carry-forward. 

Last year Hadfields made further substantial improvement 
in trading profits, the amount of £139,942, showing an increase 
of £49,085. Net profit is £93,995 against £16,553. Four years’ 


dividend is being paid on the Preference shares, bringing the 
payments up to date, and after the reconstruction the carry- 
forward will be £50,515. 
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Increased Employment 

The February unemployment return shows a reduction of 
over 39,000 in the number of workless, following the rise of 
239,000 in January. At February 25 the number of registered 
unemployed was 2,285,463. This was 39,910 less than the 
number at January 23, and 32,446 less than a year before. 

This increased employment is mainly due to seasonal 
causes. Improvement in the building trade accounts for 
more than half of it, but against that must be set the numbers 
temporarily suspended in the mining industry. 

The figures come as a relative relief in view of the calamitous 
figures of the preceding month and certain rather sinister signs 
in the general trade statistics. But the present increased 
employment of nearly 40,000 compares unfavourably with 
the 70,000 placed between February and January last year. 
The rate of improvement appears to be declining formid bly. 


February Steel Output 

The output of pig-iron for February shows the effect of the 
shorter month, but the steel figures made further progress, 
in spite of this. At the end of the month there were three more 
blast furnaces in operation, the total being 97. 

Pig-iron production was 483,100 tons against 521,200 tons 
for January, but an increase of 68,700 tons over February 
last year. Output of steel ingots and castings at 769,500 tons 
showed an increase of 11,700 tons over January and 62,000 
tons over February last year. 


Iron and Steel Progress on North-East 
Coast 


The North-East Coast takes first place among the producing 
areas in the statistical returns of the British Iron and Steel 
Federation for January, having the highest output in both 
pig iron and steel of any district in the country. In January 
blast furnaces in this area produced 144,900 tons of pig-iron, 
slightly more than in the previous month, and 30,000 tons 
more than in January last year. 

So far as steel production is concerned, considerable rivalry 
exists, and for the last few years it has been a neck-and-neck 
race with Monmouth and South Wales, first one and then the 
other district achieving the higher output. With 163,900 tons 
in January, the North-East Coast heads the statistics, South 
Wales being close behind with 155,400 tons, and Sheffield 
third with 116,700 tons. 

The output secured by this area in January shows the 
substantial advance which the industry has made compared 
with a year ago, the pig-iron output of 144,900 tons being 
up by 30,000 tons, and the steel production of 163,900 tons 
being 34,800 tons higher than in January, 1934. If the im- 
provement recorded can be maintained over the retiuainder 
of the year there is every prospect that the steel production, 
at any rate, will equal, if not exceed, the record established 


in 1929. 
£250,000 Order for Engines 


An order for 50 locomotives for the Egyptian Government 
has been received by the North British Locomotive Company 
Ltd., Glasgow. This is the biggest contract of its kind which 
has been placed in this country for many years. 

The total value of this over £250,000, the 
building of the engines will give continued employment to 
thousands of workers for many months. The locomotives will 
be steam-powered. 


Catalogues and Other Publications. 


In connection with the forthcoming Jubilee celebrations 
on May 6, The General Electric Co., Ltd. has just issued a 
finely illustrated brochure in colour descriptive of electrical 
illumination devices, flood-lights and flood-lighting applica- 
tions, neon applications, and general decorative settings 
expressly designed for these celebrations. Included in this 
publication are also many designs of floral festoons and 
Uluminated banners, suitable for the lining of streets, and 
for the decoration of city squares, public gardens, etc., and 
the attention of municipal authorities is drawn specially to 
these illumination devices. All interested should obtain a 
copy from Magnet House, Kingsway, London, W.C. 2. 


order is and 


It is not often that products of I.C.I. Metals Ltd. make a 
direct appeal to the domestic user, but a booklet recently 
published by I.C.I. Metals Ltd., describes an exception. It 
summarises the advantages of copper over iron lead pipes 
for many purposes. Proof of the growing realisation of this is 
given in the booklet, a copy of which may be obtained irom 
1.C.I. Metals Ltd., Kynoch Works, Wilton, Birmingham, 6. 





ALUMINIUM. 


Purity 


ANTIMONY. 


98 /99°%,, £100 O 


English. 
Chinese 


Solid Drawn Tubes 
Brazed Tubes 
tods Drawn 


Wire 


COPPER. 
Standard Cash 
Electrolytic 
Best Selected 
Tough 
Sheets 
Wire Bars 
Ingot Bars ... , 
Solid Drawn Tubes 
Brazed Tubes 


FERRO ALLOYS. 
*Tungsten Metal Powder .. Ib. 
tFerro Tungsten . TTTTe 
Ferro Chrome, 60-70°, Chr. 
Basis 60°, Chr, 2-ton 

lots or up 

24°, Carbon, scale 
per unit 

1—-6°,, Carbon, 

per 
= 


AL 


unit 
Carbon, 


per unit 
8-10°,, 


NOMIN 


Carbon, scale 


per unit = 
§Ferro Chrome, Specially Re- 


fined, broken in small 
preces for Crucible Steel 
work. Quantities of 1 ton 
Basis 60°, Ch. 
, Carbon, 
unit 

Carbon, 


or over, 
Guar, max, 2° 
scale 11/0 per 
Guar. max. 1% 
scale 12,6 per unit : 
max, O 4% Carbon, 
12/6 per unit 
Metal 97-98°, 


SGuar, 
scale 
{Manganese 
Mn. 
tMetallic Chromium . 
§ Ferro-Vanadium 25 
§ Spiegel, 18-20°, 
Ferro Silicon 
Basis 10°, 
per unit 
20/30°,, basis 25 
3/6 per unit 
45/50°,, basis 45°, 
5 per unit 
70/80°, basis 75°, 
7/- per unit 
90/95°, 


scale 


basis 90°,, scale 
10/— per unit 

§ Silico Manganese 65/75°, 

Mn., basis 65°, Mn. ... 

§Ferro-Carbon Titanium, 
15/18% Ti... 

Ferro Phosphorus, 20-25°, 
§ Ferro-Molybdenum, Molyte 
§Calcium Molybdate 

FUELS. 

Foundry Coke- 

S. Wales 
Scotland 
Durham 
Furnace Coke 
Scotland 
S. Wales 
Durham 17 


0 to 


*McKechnie Brothers, Ltd. Mar. 13. 


Subject to Market fluctuations. 
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MARKET PRICES 


0 


0 
v0 


0 
6 


GUN METAL. 

*Admiralty Gunmetal Ingots 
(88:10: 2) 

*Commercial Ingots 

*Gunmetal Bars, Tank brand, 
lin. dia, and upwards.. Ib. 

*Cored Bars 


Soft Foreign £10 10 
English 12 10 

MANUFACTURED IRON. 
Scotland 


Crown Bars, 


N.E. Coast 


Best 


Best 


Lancashire 
Crown Bars 
Hoops 
Midlands 
Crown Bars 9 12 
PE BENG 2 nnuceeneeeus 12 0 
Unmarked Bars from 7 5 
Nut and Bolt 
Ss & 
Gas Strip 10 12 
S. Yorks 
Bars 10 15 
Oto 12 0 


Best 


Hoops 
PHOSPHOR BRONZE. 


*Bars, “ Tank” brand, lin. dia. 
and upwards— Solid 

*Cored Bars 

tStrip 

tSheet 

tWire 

tRods 

Tubes 

Castings peeseen 

t10°, Phos. Cop, £30 above B.S. 

t15°,, Phos, Cop. £35 above B.S. 

tPhos. Tin (5°,) £30 above English Ingots. 


PIG IRON. 
Scotland 
Hematite M/Nos. .......... 
Foundry No. I 
- No. 3 
N.E. Coast 
Hematite 
Foundry 


No. 
No. 
No. ¢ 


Silicon Iron... 


” 


Forge eee 
Midlands 

N. Staffs Forge No. < 

- Foundry No, ¢ 

Northants 

Foundry No. 

Forge No. 

Foundry No, ¢ 
Derbyshire Forge 
Foundry No. 1.... 
iol Foundry No. 3.... 
West Coast Hematite 
Kast ” 


SWEDISH C 

AND STEEL. 

English ton @ 19°40 to £1 

approximately. 

Pig Iron Kr. 103 

Billets Kr. 240-290 £13 10 0-£16 

Wire Rods Kr, 280-320 £15 15 0-£17 

Rolled Bars (dead sott) 
Kr. 200-220 £10 

Rolled Charcoal Iron Bars 

Kr. 290 16 0 0 
f.o.b. Gothenburg. 


Kr. per 


12 6-£11 11 0 


English ton. 


All per 


+ C. Clifford & Son, Ltd., Mar. 13. 
Buyers are advised to send inquiries for current prices. 


§ Prices ex warehouse, Mar. 13. 





SCRAP METAL. 
Copper Clean .. 
ae Braziery 


Aluminium Cuttings 
Lead 
Heavy Steel 


Scotland 
Cleveland 
Cast Iron 
Midlands 
S. 
Cleveland 
Steel Turnings 
Cleveland 
Midlands 
Cast Iron Borings 
Cleveland 
Scotland 


te to bo 


to bo bo 


SPELTER. 


G.O.B. Official 


_ 
AAA! 


— 


STEEL. 
Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
Midlands on 
Boiler Plates (Land), Scotland . . 
” - (Marine) ~~ “a 
a (Land), N.E. Coast 
‘ (Marine) 
Angles, Scotland 
eS North-East Coast 
Midlands 


— —— sa) 
— onag 


tad ads ~1 


Heavy Rails 

Fishplates 

Light Rails 

Sheftield 
Siemens Acid Billets........ 
Hard Basic ....£6 17 6 to 
Medium Basic..£6 12 6 and 
Soft Basic 
BROODS. 2. cc cccees £9 

Manchester 
eee £9 0 Oto 10 

Scotland, Sheets 24 3B.G 10 


a 
~~ eo 


~ 


HIGH SPEED TOOL STEEL. 


Finished Bars 14°, Tungsten .. Ib. 2/- 


Finished Bars 18% Tungsten .. ,, 2/9 
Extras 

Round and Squares, }in. to } in. 

Under jin. to # in. .......... 

Round and Squares 3 in. 

Flats under lin. X jin. 

sin. X din. 


3d. 


” ” 


Standard Cash 
English 
Australian 
Eastern 


Tin Plates I.C. 20 x 14 


English Sheets 
Rods 

Battery Plates 
Boiler Plates 


¢ Murex Limited, Mar. 13. 














